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THE SIGNIFICANCE OF THE SUPRA-RENAL CAP- ie 
SLES IN THE ACTION OF CERTAIN ALKALOIDS. 
By H. H. DALE AND P. P. LAIDLAW. 


(From the Wellcome Research 
Herne Hill, 8E) 


3 During the last few years we 8 come across 8 

instances of alkaloids producing the effects of sympathetic nerve stimu- 
lation when injected intravenously, but failing to reproduce these effects 
when applied to isolated tissues. The particular instance which first 


attracted our attention was that of the non-pregnant cat’s uterus, which 


is characteristically inhibited in the body by a number of alkaloids 
which leave it unaffected, or cause it to contract, as an isolated organ. 
The investigation of this discrepancy formed the starting point of the 
experiments with which this paper deals, and in the course of which 5 

pts has been extended to the consideration of ane — 5 


ACTION ON THE UTERUS. 


The use of the horn of the cat's or rabbit's uterus, isolated from. the 
body and suspended in warm oxygenated Ringer's solution, as a test- 
object for drugs, was introduced by Kehrer“. Fardon* used the same | 
method, repeated Kehrer’s observations and tested some additional 
drugs. Both these observers ascribe to nicotine an inhibitor action on 
the isolated uterus of the non-pregnant cat. This is hardly i in accord 
with our experience. Of a large number of uteri giving pronounced 
inhibition with minute doses of adrenine, many have given no response 
to nicotine ; some have acquired an increased tonus; a few have been 
weakly inhibited by large doses (10 mgms. in 250 Cc. Ringer's solution) 
such as Fardon used. The same is true of cytisine,.the active alkaloid 
| of N which, as we have shown elsewhere“, has an action — | 


1 Arch. f. Gyn. uxxxt. 1, G. 160, 1907. 
2 Biochem. Journ. I. p. 405. 1906. 
* Journ. of Pharm. and exper. Therap. 906. 1912. 
PH. XLV. 
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‘similar to that of nicotine in almost all respects. So weak and 


contrast in the cases of 


trypto. 


- having a motor action on 


have repeatedly confirmed this. On the uterus of the virgin guinea-pig, 


* 


2 E. H. DALE AND P. P. LAIDLAW. 


infrequent is this inhibitor action, in our experience, that we have been 
inclined to attribute it to the presence of a few stray ganglion-cells, the 
horn of the isolated uterus being as a rule presumably ganglion-free’. 
With hordenine-methiodide, which, as one of us has shown“, also 
produces effects closely resembling those of nicotine when injected © 
intravenously, we have always observed a rise of tone of the isolated cat's 
uterus, (See Fig. 1.) 5 

This type of discrepancy is not peculiar to the action of these 
“ nicotine alkaloids.” One of us bas drawn attention to a non similar | 


hydrastinine and of ‘an arti- 
ficial laudonosine derivative 
known commercially as 
“Lodal,” both of which were 
shown to inhibit the uterus 
of the non-pregnant cat in 
situ, and to excite it to 
pronounced tonus when 
isolated“ Indolethylamine 


phane) again showed a 
similar contrast in the 
experiments of the same 
observer‘, Lastly we have 
the case of pilocarpine. 
Both Kehrer and Fardon 
describe this alkaloid as 


the cat's isolated non- 
pregnant uterus, and we 


1 The sympathetic ganglia supplying fibres to the cat’s uterus are stated to consist of 
(I) a group in the neighbourhood of the cervices ; a few small ganglia from this might be 
expected in some cases to spread along the uterine artery, though we have never detected 
them anatomically: (2) the spermatic (ovarian) ganglia situated near the origin of the 
ovarian artery from the aorta. Filaments from these and the inferior mesenteric ganglia 
(Langley and Anderson. 
* Barger and Dale, This Journal, p. 85. 1910. 
* Laidlaw. Biochem. Journ. v. p. 248. 
‘Laidlaw. Ibid. vi. p. 141. 1911. 2 
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SUPRA-RENAL OAPSULES. 3 


ich, like that of the cat, is inhibited by e the hypogastric 
nuerves or by adrenine, we find that pilocarpine has a very intense motor 
action, whether the horn is isolated in Ringer's solution, or observed in 
situ with intravenous injection of the alkaloid. Yet Cushny! describes 
pilocarpine as producing, in the cat, effects on the uterus similar to those 
of hypogastric nerve-stimulation, of adrenine, or of nicotine ; so that its 


effect on the non-pregnant organ in situ is usually ies, While is 


motor effect on the pregnant or recently parturient uterus is reversed 
by ergotoxine. We have confirmed Cushny’s observation as to the 
inhibitor effect of pilocarpine on the non-pregnant cat’s uterus in its 
natural relations, though the effect is less constant than we had 


anticipated. Cases have occurred, in our experience, in which a uterus 


inhibited by adrenine has been stimulated to contraction by pilocarpine 
even in situ. Indeed, such a motor effect of pilocarpine on the virgin 
cat's uterus, which is always inhibited by adrenine, is described and 
figured by Cushny’ also in an earlier paper. But in the main our 
results agree with his; and what difference there is merely accentuates 
what is already clear from the effects on the isolated uterus, namely, 
that the action of pilocarpine on the uterus in the body is a complex of 
two effects at least: a direct motor action on the uterine muscle, seen 
still better in the guinea-pig, and an indirect action simulating that of 
the sympathetic nerve-supply. This indirect action of pilocarpine 
cannot be detected in the guinea-pig, and is quite possibly absent in 
that species. It seems more probable, however, that the difference of 
response in the guinea-pig and cat merely expresses a difference in the 
relative prominence of the two effects: the direct motor action on 
uterine muscle being, in the guinea-pig, sufficiently powerful to mask 
completely the indirect inhibitor action, while, in the cat, the a is 
comparatively weak and the latter usually predominates. 

It may be noted, in passing, that this direct motor action of 
pilocexpine on uterine muscle cannot be held to correspond with any 
type of innervation. On the uterus of the guinea-pig, which is so 
peculiarly responsive to pilocarpine, we find, as Langley and Anderson 

.found in the cat and rabbit, that stimulation of the pelvic nerve is quite 
without effect. Any doubt as to the vitality of the nerve or efficiency 
of the stimulus is removed by the powerful contraction of the rectum 
and bladder. Nor is it possible to suppose that this motor effect of pilo- 
_ carpine is due to selective action on myoneural junctions corresponding to 
the motor sympathetic supply, which may be supposed to exist potentially 
This Journal, z. p. 288. 1910. . 1. 1906. 
21 
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even in the virgin; for the pilocarpine effect i is absolutely resistant to : 


ergotoxine, though immediately. abolished by atropine. . (Fig. 2.) 
The action is, indeed, very similar to that which pilocarpine exerts on 
the plain muscle of such. organs as the bladder or intestine, receiving 
motor fibres from the oro-anal autonomic system, or the retractor penis 
of the dog or goat, receiving motor fibres from the true sympathetic. 
If the uterus had a motor supply from the pelvic nerves, the effect of 


pilocarpine would be attributed to action on the “ e or ot 


“ myoneural junctions corre- 
‘sponding thereto, and would 
furnish another instance of 
the reproduction of oro-anal — 
autonomic effects by this 
alkaloid. As it is, no such 
association can be suggested, 
unless it be supposed that 
the uterus has developed a 
sensitiveness to, or “ receptive 
substance” for pilocarpine, in 
anticipation of a union with 
pelvic verve fibres, which has 
not, in fact, taken place. - 
We have, then, in the 
case of all the alkaloids re- 


ferred to above, an effect on A--9 


the cat's uterus resembling carpine. R—fresh Ringer. 
that of sympathetic nerve 
stimulation; but this effect, unlike that of e eae the other 


eee amines, does not survive excision of the organ. 


veral of them have, in addition, a direct motor action on uterine 


muscle; but the sympathetic effect, when inhibitor, is usually a 
enough to mask this when the uterus is observed in situ. 


The sympathetic effect appears to be in all cases peripheral in origin, 
since it is not affected by severing the hypogastric nerves, and thereby — 


interrupting the main nervous path to the uterus. We have not found 
it practicable to make certain of dividing all the post-ganglionic fibres 
without interfering with the circulation to the uterine horn; so that 
the possibility would appear to be open that these alkaloids produce 


their sympathetic effects by stimulating the peripherally placed ganglia, 


which are so situated as to be left behind in excising a uterine horn 
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SUPRA RENATE CAPSULES. = 3 


from sine body (vid. sup.). It is, indeed, practically certain that the 
_ nicotine alkaloids produce some of their sympathetic effect in this 
manner, and we accepted this action as a provisional explanation of the 
contrast in previous papers; but it is in more than one respect un- 
satisfactory. On the one hand it cannot be demonstrated that 
hydrastinine, or its synthetic analogue, or indolethylamine, has any 
effect on ganglia. They may be applied to the superior cervical ganglion, 
in solutions of any strength not sufficient to cause severe osmotic effects, 
without causing any perceptible movement of the pupil or nictitating 
membrane. On the other hand, Langley’s experiments on the eye, 
with which we deal in the next section, have made it clear that, in 
addition to its action on ganglion-cells, nicotine can produce an effect 
of a more peripheral nature, simulating sympathetic stimulation. We 
shall show that the same is true of pilocarpine. The existence of such 
a peripheral sympathetic effect on the uterus cannot be directly proved, 
on account of the difficulty, mentioned above, of removing the ganglia 
or dividing the post-ganglionic fibres; but it is not reasonable to 
suppose that an action so marked on the plain muscle of the eye and 
orbit is absent in the case of the uterus. | 
It occurred to us that the anomaly would be explained if it could be 

shown that the sympathetic effect of these alkaloids on the uterus is in 
part the indirect result of an accelerating action on the secretion of 

adrenine. To the latter the non-pregnant cat's uterus is usually 


extremely sensitive, being pereeptibly inhibited by minute injections of 


te base; so that a comparatively small increase in the rate of its 
outflow from the supra-renal glands would probably cause a distinct 
inhibition of uterine tone and rhythm. It is not easy to determine 
directly, in the case of nicotine and its allies, the extent to which an 
action of this kind contributes to their effect on the uterus, since their 
action on the ganglion-cells would remain after removal of the supra- 
renals. A demonstration that a dose of nicotine, given with the 
supra-renals intact, produced a more powerful effect than a second 
dose, given after their removal, would be susceptible of ———- on 
other grounds. 

While our e ee were in progress, however, a paper was 
published by Cannon, Aub and Binger, in which, by examining blood 
from the vena cava, they directly demonstrated an increased output of 
adrenine from the supra - renal glands in response to injection of nicotine. 
On the other hand, the experiments of previous observers have ä to 
Journ. of Pharm. and exp. Therap, 11. p. 379. 1912. : 
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show any action of this kind in the case of pilocarpine. We have been 
content in the case of the uterus, therefore, to show (1) that uterine — 
inhibition is readily produced in the non-pregnant cat by accelerating — 
the output of adrenine from the supra-renal glands: (2) that, in the 


absence of the supra-renal glands, the hydrastinine group of alkaloids, 
having no stimulating effect on ganglion-cells, no longer inhibit the 


non-pregnant uterus in situ: (3) that blood from the cat's supra - renal 
vein after an injection of pilocarpine has a more powerful inhibitor 
(adrenine) effect on the isolated non-pregnant cat's uterus than 1 | 


obtained from the same source prior to the injection. 

(1) It has been shown by 
Asher! that stimulation of the 
splanchnic nerves, after removal or 
exclusion from circulation of all the 
abdominal viscera except the supra- 
renal capsules, still causes some rise 
of blood-pressure, which he at- 
tributes to accelerated secretion of 
adrenine. We hear from Dr Elliott 
that he has confirmed and extended 
this observation. In our experi- 
ment the cat was completely pithed 
under a volatile anmsthetic, being 
thereafter kept under artificial 
respiration. The whole sub- dia- 
phragmatic portion of the alimen- 
tary canal was ligatured off and 
removed, the liver, though left in 
situ, being thus removed from cir- 4 
culation. The splanchnics were Fier 
dissected in the chest and stimu- 


lated together on one pair of 


electrodes. A string was attached 
to both horns of the non-pregnant uterus and led over pulleys to 4 


counter-weighted lever, the hinder part of the animal being then 
immersed in a bath of warm saline. The lever was pulled down, by 


contraction of the uterus, raised by the counter-weight when the uterus 


relaxed. Fig. 3 shows the effect of stimulating the splanchnic nerves, — 


with the secondary coil at 12 cm. distance and 2 volts in the primary 
nribl. J. Fe. xxiv. p. 10. 1910; and Ztschr. f. Biol. Lm. p. 274. 1912. 
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cirouit. It will be seen that a rise of about 120 mm. of blood-pressure 
occurs, accompanied by marked relaxation of uterine tone. | 

(2) The uterus of a non-pregnant cat was arranged to record as 
above. The spinal cord had been previously cut at the second vertebra 
under ether, the brain completely destroyed and artificial respiration 
applied. Fig. 4 shows the effect of injecting 10 mgms. of “ Lodal.” 
It will be seen that this causes a small rise of blood-pressure accom- 
panied by pronounced inhibition of the uterus. The supra- renal glands 
were then excised, and the uterus promptly acquired an intense and 


pPersistent tonus, similar to that produced by the hydrastinine group of 


alkaloids on the isolated uterus, Further injections of 10 and 20 mgms. 


Fis. 4. Effect of 10 mgms, “Lodal” on blood-pressure and uterus of virgin eat. 


of “Lodal” had then no trace of inhibitor action (Fig. 5), whereas the 
inhibitor effect of this alkaloid. or hydrastinine can usually be repro- 
duced by repeated injections, if the supra-renal glands are left in situ. 
A subsequent injection of adrenine produced the usual inhibition. It 
should be noted that the distance of the uterine tracing from the base- 
line in Fig. 5 is due to adjustment of the lever. The uterus was much 
more tonie at this stage than at the stage represented in Fig. 4. 

(3) The blood was collected from both supra-renal veins of a cat 
under A. C. n. mixture by the method used by Biedl', Ehrmann, and 
others. The abdomen being opened, the whole alimentary canal, from 
the cardiac orifice of the stomach to the lower part of the rectum, was 

| 1 Pfliiger’s Arch, uxvit. p. 448. 1897. 
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one after ligature of all the vessels, The aorta and inferior vena 
cava were then tied at as short a distance as possible below the origin 
of the renal vessels, These latter were tied close to the hilus of the 
kidney on both sides. Cannule were inserted in the headward end of 
one external jugular vein, for collection of blood, and the — end 
of the other for injections. | 
Through the latter, 50 
mgms. of hirudin per kilo- 
gram of body weight were 
injected, A loose ligature 
was placed round the vena 
cava just above the point: 
of entry of the right supra- 
renal vein, and small veins, 
entering the segment of 
vena cava between this and 
the permanent occlusion 
below the renal veins, were 
sought for and ligatured 
off. A clamp was applied 
a short distance above the 
lower ligature on the cava 


and a cannula for collecting Fig. 5. Same experiment as in Fig. 4, but with 


blood inserted just below FF 
the clamp. By | 


the clamp and tightening 


the upper ligature, the blood from both pag —— 5 veins was os o 


flow out through the cannula. The rate of normal flow varied between 
very wide limits in different experiments; this, however, was explained 


by the discovery of small tributary veins from the lumbar muscles, left 
unligatured, whenever a rapid flow was observed. This necessarily) 


diluted the supra-renal blood considerably, but even from such animals 
the results have comparative value, since the normal supra-renal blood 


(pure or thus mixed) obtained before pilocarpine, was in each experi- 
ment compared with blood collected under the same conditions as soon 


as possible after an injection of pilocarpine had been made. Before 
describing our own results we should note that neither Ehrmann! nor 
Tscheboksaroff* observed any change in the rate of ss cat * 


1 Arch, f. exper. Path. und Pharm. Lv. p. 44. 1906. 
Pfliiger’s' Arch. oxxxvu. p. 59. 1911. 
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as the result of injecting But Ehrmann! 
estimated the adrenine by use of excised frog’s eyes, in which the 
specificity of the response is open to question and would, in any case, 
presumably be complicated by the presence of pilocarpine. Moreover, 
he used the rabbit, in which the action of pilocarpine on the supra- 

renal glands may be comparatively slight. Tscheboksaroff used the 
dog, draining one gland only, and estimated the adrenine by injecting 
the serum into a second dog, and observing the effect on the blood- 
pressure. His failure to obtain evidence of any increased output after 
giving pilocarpine is the more significant in that he observed a definite 


increase with physostigmine. It should be noted, however, that he cut 


the splanchnic nerves in all his observations. Elliott? observed no 
exhaustion of the supra-renal medulla in the cat when the splanchnics 
were cut and pilocarpine injected. 95 . 
The chief object of our experiments being to ascertain whether 

pilocarpine injections do, in fact, increase the rate of adrenine secretion 
‘in the cat, rather than to elucidate the mechanism of such action if it 
occurs, we left the splanchnics intact, except in one experiment, in 
which they were cut at a later stage. The use of hirudin we consider 
important. In its absence there is recurrent difficulty from formation 
of clots in the cannula, which not only interrupts the experiments, but 
may seriously vitiate the result by producing a temporary venous 
congestion in the supra-renal glands. The use of hirudin is, further, 
important from another point of view. O'Connor“ has pointed out 
that the physiological action of fresh serum, quite apart from adrenine 
content, destroys the value of physiological estimations of adrenine in 
serum by methods depending on motor effects on plain muscle, such as 
those of Fraenkel‘ with the rabbit's uterus, of O. B. Meyer“ with 
isolated arterial segments, of Lae wen“ and of Trendelenburg“ with 
perfusion of the frog’s arterial system. We entirely agree with 
O’Connor’s criticism. The physiological action of fresh serum on plain 
muscle, being, as O'Connor points out, of very similar type to 
that of A-iminazolylethylamine, is a serious complication even in 
| W of adrenine estimation depending on inhibitor effects, 8 as 


1 Arch. f. exper. Path. und Pharm. um. p. 97. 1905. 

2 This Journal, xu. Proc. Phys. Soc. p. xxxii. 1911. 
4 Ibid. ux. p. 395. 1909. | 
geit. J. Biol. III. p. 358. 1906. 

Arch, f. exper. Path. 1904. 
1910. 
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N of Cannon and de la Paz’, and of Hoskins’, with isolated | 


portions. of rabbit's intestine, or our own method with the isolated 


uterus of the non-pregnant cat. Hirudin blood has, indeed, a small 
degree of this motor action on plain muscle, but far less than fresh 


serum. 


indicator of adrenine action. The effect, being inhibition, cannot be 
confused with that of other substances in the blood or serum which 
increase the tone of plain muscle. It shares this advantage with the 


rabbit's intestine, used by Cannon and his co-workers and by Hoskins. 


It has, in addition, the advantage, that varying submaximal doses of 


adrenine cause relaxation of varying rate and completeness ; so that by 


finding a dose of adrenine which produces, on a given uterus, relaxation 


of the same speed and depth as a certain dose of blood, one can form a 


tolerably accurate estimate of the proportion of adrenine in the blood. 


As a general method it has the disadvantage that non-pregnant female 


cats are at times difficult to obtain, and that not all of them have uteri of 
the desirable high sensitiveness to adrenine. For our present investiga- 
tion, however, it was the obvious choice. 


We suspended a horn of the uterus in warm oxygenated — 


solution in the usual manner, using a small cylindrical bath holding 
20 C., with the usual arrangements for changing the Ringer's solution 


without disturbing the organ or interrupting the record seriously. 
Addition to the bath of jugular blood, in any volume, if it produced 
any effect at all, caused only a small increase of tone. Normal blood 


from the supra-renal veins, on the other hand, always showed 
evidence of containing adrenine. The proportion present varied with 


the rate of outflow, being considerably greater when the flow was slow 


(pure supra-renal blood) than when it was rapid (small tributary veins 


discovered post-mortem). We performed five experiments in all, using 


a loop of rabbit's intestine as indicator in one. In every experiment 
there was a markedly supernormal proportion of adrenine in blood from 
the supra-renal vein collected after an injection of pilocarpine. In most 
cases, however, the rate of flow was much slower, owing to the cardiac 


inhibition. Allowance had to be made for this; for, if it were assumed 


that the supra-renal glands formed and e adrenine at constant 
rate, the mere retardation of the circulation would increase the content 


of the venous blood in inverse proportion to the rate of outflow. It was 


1 Amer, Journ, of Physiol. xxvmt. p. 64. 1911. 
* Tours, of Pharm. aud caper, Therap. III. p. 93. 1911. 


We find the non-pregnant cat's isolated uterus a highly sensitive 
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necessary to show, therefore, that the increase of adrenine content was 
relatively greater than the decrease in rate of flow. The following are 
the details of the experiments. It will be seen that an accurate 


_ standardisation of the adrenine content was made in one case only. In 


others it was considered sufficient to show that the i increase of adrenine 


vas more than could be accounted for by diminished perfusion. 


_ Exp. 1, Rate of flow from the vena cava slow. (Unmixed supra-renal blood.) 
(4) Normal sample—8 0. o. collected in 45”. 
®) collected in 128”. 
Normal rate — | 
Pilocarpine rate 
solution. 
by 0˙1 0.6. of 1: 100,000 adrenine. (Dilution in bath 1 in 20 millions.) : 
0˙1 0.6. of A caused a scarcely perceptible relaxation. 
05 0.0. of A produced a moderate effect. 
tnt OS cof 4, bat 


- than that produced by 0-75 0.0. of 4. (Fig. 6.) 


See text (Exp. 1). 


The adrenine content of B was, 3 more than 10 times, but 
less than 15 times that of A—say 12 times. We have, then, rates of 


adrenine content as 1: 12. 
Clearly the rate of output of adrenine has been at least doubled bs : 
the pilocarpine injection. During the effect of pilocarpine the blood 


from the supra-renal vein, entering the general circulation at the rate of 


about 1 0.0. in 85”, contains about 0:01 mgm. adrenine per cc. 
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Exr. 2. Rate of flow slow. (Unmixed supra renal blood.) 5 

Normal samples (4)—8·5 0. 0. in 917. 

"ample taken afer 9 pllosrpine 00. i 43". 
Normal rate 242 
Pilocarpine rate 


In this case a dose of pilocarpine blood caused only slightly greater . 
inhibition of the isolated uterus than a dose of normal blood three times 


as large. The adrenine output per unit time was, therefore, not 
decidedly increased. 


xx. 8. jejanems, 
to exclude pilocarpine action. A small tributary vein was left untied, N 
of blood, comparatively poor in adrenine, was obtained. : : 

Normal sample (A)—5 c.c. in 25”. ares 
Sample taken 1“ after 4 mgms. 

Rates therefore equal. 

1 0.0. B caused pronounced inhibition. 

10.0. A caused much weaker inhibition. 
2 0.0. A caused weaker inhibition than 1 c.c. B. 


Rate of adrenine output per unit time is, , apparently, more than 
doubled. 


Exp, 4. One very small Win from lumbar muscles left untied. Flow accordingly 
rather rapid and adrenine content somewhat e by admixture. 

Normal sample (4) —5 0.0. in 39”. 

carpine (B)—5 ¢.c. in 83”. é 

Normal rate 89.1. 
Pflocarpine rate 50 
Splanchnies cut on both sides and 
further 4 mgms, pilocarpine injected. 
38“ later sample (C)—5 c.c. in 99. 
0°5 ¢.c. B causes maximal 
ol uterus. 
0°25 c.c. B causes slower but eventu- 
ally maximal relaxation. 

10.0. A causes a scarcely perceptible 
inhibition (see Fig. 7); therefore adre- 
nine strength of B is much more than 
four times that of 4, whereas the rates 

ol flow were as 1; 2. 


Pilocarpine has, therefore, 
‘more than doubled the rate of Fig. 7. arenes 6. See text (xp. 4) 
adrenine secretion. 

Later, the uterus having become sn sensitive, so that 0°25 c. e. B 
produced an incomplete relaxation, 0°5 c.. O produced full relaxation. 
Apparently, therefore, section of the splanchnics has not materially 
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reduced the rate of output of adrenine under pilocarpine, when once 


started. Tested against a solution of adrenine, made up by diluting a 
1 in 10,000 solution with jugular blood, 0°5 cc. B gave a relaxation 
practically identical with that produced by 0°25 ec, 1 in 100,000 
adrenine. The concentration in B is therefore approximately 1 in 
200,000. Blood containing this concentration of adrenine is entering 
the general circulation, after injection of 4 mgms. pilocarpine, at the 
rate of 5 c. in 83”, or 1 cc. in 17“. 001 mgm. of adrenine there- 7 
fore enters the circulation in 344. 
The cat used in this experiment was much larger and in better 


condition than that used in Experiment 1, in which, after the same 
: dose of pilocarpine, 0°01 mgm. of adrenine was wv in Sod 


Exr. 5. Normal sample (4)—3 c. c. in 3’. 
Normal rate 
Pilocarpine rate 

The collected being small, it was merely 
on a not very sensitive uterus, 0°4 c.c, B caused a pronounced relaxation, 
while 08 c.c. A had no preceptible effect. Pilocarpine, therefore, halved 
the rate of flow, but much more than doubled the adrenine content. 
Out of five experiments, therefore, we have obtained definite evidence 


of increased adrenine output from the supra-renal glands, as the result 


of giving pilocarpine, in all except one (Exp. 2). In one case (Exp. 1), 
in which the rate of output was determined with moderate accuracy, it 


was found to be approximately doubled by pilocarpine: in another it 


was shown to be certainly much more than doubled (Exp. 4). 


EFFECTS OF THE NICOTINE GROUP OF ALKALOIDS AND OF 
PILOCARPINE ON THE EYE OF THE CAT. 


Effects on the normal eye. Langley and Dickinson! showed that 
the effects of nicotine on the pupil and nictitating membrane were the 


_ resultant of two opposed actions, referable to the cranial autonomic and 


the sympathetic nerve supplies. In the cat, effects referable to the 


‘sympathetic were usually predominant, so that the first effect of 


injecting nicotine intravenously was usually dilatation of the pupil, 
retraction of the nictitating membrane, widening of the palpebral fissure. — 
These effects could be produced in uncomplicated form by painting 


| <n on the superior cervical ganglion: but Langley and Dickinson 
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found that, when one superior cervical ganglion was excised, 8 ; 


injection of nicotine produced this complex of cervical sympathetic 


action nearly as well in the deganglionated as in the normal eye, though 
they noted that the effect usually began some five seconds later in the 


former. From this. observation it would appear that, in addition to its 
characteristic stimulation of autonomic 8 nicotine 28 a 
more peripheral action. A similarly peripheral 
action of nicotine on the movements of the 
small intestine was described by Langley 
and Magnus’, who found that nicotine caused 
inhibition of these movements in a loop of 
catꝰs jejunum after section of all post-ganglionic 
nerve-fibres running to it, and that this in- 
hibition was “not one whit less than normal ” 
even after degeneration of practically all such 
post-ganglionic fibres. 

We have shown elsewhere that, in their 
action on the cat's eye, as in practically all 
other respects, cytisine and hordenine-meth- 
iodide closely resemble nicotine. : 
In the case of pilocarpine the most saeco | 
action on the eye is the intense constriction of : | 
the pupil, Which, as Anderson has shown, is 5 

not impaired by complete denervation. This is 4 D 


sufficient under ordinary conditions to mask 


completely any sympathetic effect of pilo- Fig. 8. Line drawings trom 
carpine on the dilator of the pupil. There is. photographs of eyes of cat 


under a.c.z. a, Normal. 


another action of pilocarpine, however,. to 5,2% pllosarpiine applied 
which we have found no previous reference, to right superior cervical 


in which it reproduces the effect of the ganglion. e, After exci- 


sympathetic nerve-supply to the orbit and not n or his ganglion. — 


of that from the third cranial nerve. We refer to 3 


the quite obvious retraction of the nictitating oarpine enn. 
membrane and the less marked, but definite 
widening of the palpebral fissure which follow the intravenous injection 
of pilocarpine. In producing these effects the action of pilocarpine is 
closely parallel to that of nicotine and the other alkaloids above 
mentioned, except that it is slower and much more persistent. If the 
superior cervical ganglion be exposed and a 1 to 2% solution of 
1 This Journal, XXIII. p. 34. 1905. 
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pilocarpine nitrate applied to it carefully with a soft brush, as in 


Langley’s nicotine experiments, the effects of sympathetic stimulation 


are visible in the corresponding eye. The dilatation of the pupil is small 
and comparatively brief, for, as traces of pilocarpine become absorbed into 


the circulation, the effect is quickly annulled by the much more power- 
ful stimulation of the sphincter. The retraction of the nictitating 


membrane, on the other hand, persists. Fig. 8 ö illustrates the contrast 
between the two eyes in this respect“. It represents a photographic 


record from a cat under A. C. E. mixture. Both cervical sympathetic 


nerves have been cut and 1% pilocarpine applied to the right — 
cervical ganglion. 


The fact that the effect is due to stimulation of the ‘iain calle 
is confirmed by its rapid disappearance when the ganglion is excised 


(Fig. 8c). Pilocarpine has therefore a stimulating action on sympathetic 


ganglion-cells, similar to though weaker than that of nicotine, in 


addition to its more striking peripheral effects. But again, as in the 


case of nicotine, pilocarpine produces these effects of sympathetic stimula- 
tion after the ganglion has been removed or the post-ganglionic fibres 
cut, Fig. 8d shows the effect of injecting 2 mgms. of pilocarpine 
intravenously after excision of the right superior cervical ganglion. It 
will be seen that, in addition to constriction of the pupil, retraction of 


the nictitating membrane occurs equally on the two sides. 


Effects after degeneration of peripheral sympathetic neurones. These 


peripheral sympathetic effects of nicotine and pilocarpine survive the 


degeneration of the post-ganglionic fibres arising in the superior cervical 
ganglion. In the experiment which we made on this point, degeneration 
was allowed for 13. days after excision of one. ganglion with aseptic 
precautions. For testing the effect of degeneration the animal was 


again anewsthetised with chloroform and A. C. k. mixture. The pupil on 
the operated side was throughout markedly hypersensitive to sympathetic 
effects, showing the paradoxical dilatation as compared with the normal 


eye’, even before antesthesia was complete. When the animal was fully 
under the anzsthetic 2 mgms. of pilocarpine caused complete retraction 
of both nictitating membranes and dilatation of both pupils, In the 
normal eye this was succeeded by a phase of constriction. In the eye 


1 In preparing all the figures of this kind the same process has been followed. 


Instantaneous photographs were taken, and enlarged outline drawings of the important 
features made from these with a pantograph. It should be added that the width and 
shape of the palpebral fissure are not in all cases significant, since the eyelids were, in 


2 1 This Journal, xxx. p. 290. 1908. 
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on the operated side the pupil became maximal and remained so for the 
rest of the experiment, in spite of vigorous artificial respiration, to exclude 
the possibility of an asphyxial effect, and a further injection of 4 mgms. 


of pilocarpine. In the normal eye a secondary dilatation followed the 


‘constrictor phase, but the pupil became smaller again under the further 
dose of pilocarpine. The pupil on the operated side being already 


maximal, after the first dose of pilocarpine, no further dilatation with 
nicotine was possible. After the immediate effects of the first injection 


of nicotine had passed off, however, the nictitating membranes came 
somewhat forward, as normally happens. It was then possible to observe, 
with a further injection of nicotine (3 mgms.), that the nictitating 
membrane was retracted more rapidly and fully on the operated than 

on the normal side. Although, therefore, the experiment was not in all 
respeots satisfactory, clear information was obtained on the main point 
under investigation: it was proved that the sympathetic effects of 
pilocarpine and nicotine on the eye, already known to be produced in 


the absence of the superior cervical ganglion, are still produced after 


degeneration of the post-ganglionic fibres, and produced apparently with 


supernormal intensity. In other words, the effect resembles that of 


adreniné, and one can so far sum up the sympathetic effects of this 


group of alkaloids on the eye as a combination of action on the cells of 


the superior cervical ganglion with a peripheral effect of the type which 
one of us has elsewhere termed “sympathomimetic.” 


Effects on the isolated iris. Again, however, as in the case of the 985 


uterus, these effects of the nicotine alkaloids are not seen on se isolated 
cat's iris. The preparation is made as follows. 


A cat is killed, by pithing the brain through the foramen magnum 


and the eyes are excised as quickly as possible. The cornea and 
sclerotic are cut through close to the ciliary region. The vitreous 


humour and lens are removed, leaving only a ring of sclerotic with the 


ciliary body and iris. The preparation is dropped into a beaker of 
Ringer 's solution kept at 37°—39° C., through which oxygen is bubbled. 
The beaker may conveniently be stood in a white enamelled vessel also 
containing Ringer's solution, kept at the same temperature by a small 


flame underneath. The preparation is arranged with the anterior 


surface of the iris uppermost. The drug to be tested is added to the 
beaker, due precautions being taken not to alter the temperature of 


the contents, and, when its effect is complete, the preparation can be 


washed in the solution in the Cater Wan while that in the — 
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Under such conditions of isolation the pupil rapidly constricts to a 
‘aa slit. All the true sympathomimetic amines which we have tested 
promptly dilate it, the effect attaining its maximum in 1—2 minutes. 
In clean Ringer the pupil constricts again and the preparation retains 
its sensitiveness for hours. Nicotine, cytisine and hordenine-methiodide 
produced no perceptible effect in doses up to 10 mgms in 75 ac. of 
Ringer's solution. We have not tested larger doses, as we considered 
that. effects, if any were obtained, with higher concentrations would be 
of doubtful significance, while it was already clear that these alkaloids, 
in concentrations many times as great as that produced in the blood of 
the animal by intravenous injection of an effective dose, had no effect on 
the isolated iris. Fig. 9a shows a photograph of the isolated iris before 


added to the bath (75 ¢.0.). 


‘addition of any 1% the baths: 16 would without 
fication, to represent the appearance after addition of one of the nicotine 
_ alkaloids. Fig. 9 ö is a photograph of the same preparation taken 
2 minutes after adding 5 mgms. of p.-hydroxyphenylethylamine to the 
bath. Similar effects were produced by.1 mgm. of methylaminoethyl- 
and by 0°1 mgm. of adrenine. 

Significance of the supra-renal capsules. In investigating shi. part 
played by supra-renal secretion on the peripheral effects of these alkaloids — 
we proceeded as follows. In cats under A. C. K or ether we extirpated the 
superior cervical ganglion on one side and cut the cervical sympathetic — 
nerve on the other, thereby excluding the interference of reflex or central 

effects, In the first experiment the supra-renal capsules were also 
removed completely. Intravenous injection of 2 mgms. of pilocarpine 
nitrate then caused retraction of the nictitating membrane only on the 
side retaining the ganglion, that on the extirpated side remaining 
perfectly stationary. Both pupils became intensely constricted. Intra- 
venous injection of vicotine, hordenine-methiodide, or cytisine (2—3 
mgms. of each) caused a rather weak and evanescent dilatation of the pupil 
and d retraction of the nictitating membrane on the side retaining the 
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ganglion only. On the extirpated side the only perceptible effect was 
a forward movement of the nictitating membrane so as to cover the 


pupil almost completely. Enough was visible, however, to allow the 


observation that no dilatation occurred. Clearly, then, under these 


conditions, the sympathetic effects of all these alkaloids were reduced to 


a direct action on the cells of the superior cervical ganglion, which, 
moreover, was weak and evanescent as compared with the effect seen in 
the animal possessing intact supra-renal capsules. 

We next sought a method of excluding the supra-renal Lain 

-temporarily from circulation. This was accomplished by passing a thin 
string round the aorta just above the origin of the celiac axis. The 

aorta is found at this point by dividing the peritoneum and dissecting 

through the lower fibres of the left pillar of the diaphragm. By traction 
on the loop the aorta is occluded completely at this point, so that the 


body tailwards of the block, including the supra-renal capsules, receives 


only such blood as can reach it by anastomoses, which, during a 
temporary occlusion of about 1 minute, must be negligible in amount. 
It was necessary, in the first instance, to control the effect of simple 
occlusion and release of the aorta, without injection of any drug. In 
the cat, under A. C. x. mixture or chloroform, occlusion up to 2 minutes 
and release usually produced no perceptible effect on the pupil or 
nictitating membrane. In one cat under A. C. E., while occlusion for 1’ 


produced no effect, occlusion for 2’ was followed, a few seconds after 


release, by a slight, rapidly evanescent dilatation of the pupil, without 
perceptible movement of the nictitating membrane. Since, in the 
experiments with drugs, the maximum period of occlusion was 1’ and 
the effects on release very marked, this trifling effect after 2’ closure 
cannot be regarded as invalidating the results. Under ether the effect 


of closure and release, without injected drugs, is more marked, a very 


definite, though still small dilatation occurring after occlusion for only 1’, 
and a very small effect even after 30”. This is in accordance with 
Elliott's“ observation that ether is itself a stimulant of adrenine 
secretion, prolonged etherisation leading to exhaustion of the capsular — 
medulla. But under ether the after-effects of the alkaloids are also 
proportionately increased, so that again the control does not in any way 
invalidate the results. Nevertheless we made only one experiment 
under pure ether, in order to avoid this complication. 

The animal being deeply under the ansesthetic, so that automatic 


Popielski. Pfltiger’s Archiv, oxxxrx. p. 571. 1911. 
: * This Journal, A. Proc. Phys, Soc. p. xxxii, 1911. 
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ductantions of the pupil and movements of the nictitating membrane 
‘were quite absent, the aorta was occluded, a cannula i in the nce ass 
connected to a mercury manometer | 
allowing the completeness of the oc- 
clusion to be verified. The alkaloid to 
be tested was then injected by the 
- jugular vein. Under such conditions 
2—4 mgms. of pilocarpine produced 
fairly rapid retraction of the nictitat- 
ing membrane on the side retaining 
the ganglion (Fig. 10 5). Typically 
the membrane on the extirpated side 
was unaffected, but in several instances 
it was also retracted to a small extent. 
Possibly this indicates a true peri- 
pheral action of pilocarpine on 
Muller's muscle, but we shall discuss 
this point later. Both pupils became 
intensely constricted. When the 
effect was complete, i.e. in 1’ or less, Fig. 10. Eyes of cat under 4.0. . Left 
the aorta was released. A very porior cervical ganglion excised. 


N b, 2 
considerable relaxation of the now wth 


intense constriction of the pupils oc- e, Aorta released. 
curred, lasting for several seconds: 

the nictitating membrane on the side retaining the ganglion, if not 
already retracted completely, became so, whilst that on the deganglionated 
side, which in many cases had not moved up to this point, also retracted 
more or less completely (Fig. 10 c). The dilatation of the pupil, being 
antagonised by the direct action on the sphincter, was evanescent : the 
retraction’ of the nictitating membranes, on the other hand, was long 
_ persistent, like that produced by pilocarpine in an animal with normal 
supra-renal circulation. We had, in fact, simply divided this normal 
effect into two stages, a first due to action on the ganglion-cells and a 
second due to accelerated secretion of adrenine and appearing, in this 
| experiment, only on release of the aorta. After a large dose of pilo- | 
carpine the dilator effect on the pupil could be repeatedly evoked by 
occluding the aorta for 30” to 1’ and releasing it again. As the effect 
of pilocarpine waned, as shown by escape of the heart from its inhibitor 
the * such of occlusion likewise 
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according to the sensitiveness of the animal. 
The injection being made immediately on 
a 


glion, and on the extirpated side a simple 


branes oceur (Fig. 11 c). The extent and 
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With nicotine, cytisine, and hordenine-methiodide the effects were 
considerably more striking, and were of the same nature in the case of : 


each of these alkaloids, 1 to 3 mgms. of 
any of them being an efficient dose, ‘Bilt: Ruit 


occlusion of the aorta, the first result 
observed is precisely similar to that seen 
after extirpation of the supra-renal cap- 
sules, viz. a dilator effect, usually rather 
evanescent, on the side with intact gan- 


forward movement of the nictitating mem- 
brane (Fig. 116). When the effect on 
the sound side has subsided, which happens 
usually in half to one minute, the aorta is 
released. The blood-pressure in the 
femoral artery rushes up beyond its initial 
level and, about 5” after the release, a 
secondary full dilatation of both pupils 
and retraction of both nictitating mem- 


a 4 
persistence of this vary somewhat widely pig. 11. As in Fig. 10. 4, Normal. 


in different cats, but it has been, in our b, 8 mgms. nicotine intra- 


experiments, almost invariably more ex- venously with aorta occluded. 


tensive and persistent than the primary 


| nicotine intravenously with- 
ganglionic effect. So that there is no out ocelusion of aorta. 


room for doubt that the larger factor in 
the sympathetic effects of these alkaloids on the eye, as seen in the 


normal cat under A. C. K or ether, is not their direct action on the 
ganglion-cells, but the action of adrenine, poured into the circulation in 


response to their injection. 

Effect of section of the splanchnics. The mechanism of this supra- 
renal stimulation is not quite clear. Elliott has shown that almost any 
influence which -disturbs the normal blood-pressure, either by causing 
a prolonged rise or a prolonged fall, tends to exhaustion of the supra- 


renal medulla, provided the splanchnics are intact. It seemed probable, | 


therefore, that part of the effect might be of central origin, and experi- 
ments made with the splanchnics cut on both sides confirmed this 


g suggestion. The section of the splanchnics did not abolish the 
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secondary effect of the nicotitie group following release of the aorta, but . 
it was markedly weaker than in the animal with intact splanchnica. 


So weak was it, indeed, in one experiment under A. C. x. mixture, and 
one under paraldehyde, that the effect of nicotine on the normal eye, 
with intact ganglion and with the supra-renal circulation free from 
interference, was obviously diphasic, the primary ganglionic effect 


almost subsiding before the weak secondary effect due to supra-renal _ 


secretion appeared. The following extract from an 1 7 — 


paraldehyde illustrates this point. 


lett cde. The cat hed Loo. 
paraldehyde per kilo by rectal injection, which sufficed to maintain deep anmsthesia after 
the initial dissection, during which a little chloroform was given in addition. The 
splanchriics were divided on both sides. 11.15 a.m. 2 mgms. of nicotine injected into the 
jugular vein, the aorta being patent throughout. The right pupil dilates and the right 
nictitating membrane retracts. The left moves forward. The first effect on the right eye 
passes off. Then, about 10.—15 after the injection, s secondary dilatation of both pupils 
and retraction of both nictitating membranes occur. 


Whereas, therefore, in the normal animal the direct (ganglionic) and 
indirect (supra-renal) actions merge into a continuous effect, section of 
the splanchnics produces a separation similar to that caused by 
temporary occlusion of the aorta. This may be taken to indicate that 
the supra-renal component of the normal effect is partly central, partly 
peripheral in its origin. In the case of pilocarpine, the evidence from 
experiments of this kind appears to indicate that the effect on the 
supra-renal glands is mainly central. In an experiment under A. C. E. 


Vith eut splanchnics, we observed no retraction of the nietitating 


membrane on the deganglionated side following injection of pilocarpine, 
either on release of the aorta after temporary occlusion, or when it was 
left patent throughout. 3 

We have given in a previous section evidence obtained by 8 
examination of blood leaving the supra-renals, according to which the 
flow of adrenine, evoked by pilocarpine, is not noticeably reduced by 
section of the splanchnics when it has once become established. It 
seems probable, then, that pilocarpine, like the nicotine alkaloids, has 
some effect of a more peripheral nature, but the relative importance of 
central and peripheral action would need further and more complicated 
experiment for its determination. Our main concern has been to 
establish the importance of an action on the supra-renal glands, whether 
through the central nervous systems or 8 some more e 
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Effects under urethane and on the pithed animal. If our. experi- 
ments had been limited to animals under the anesthetics mentioned 


above, we should have regarded: the peripheral effect of the nicotine — 
alkaloids on the pupil etc. in the absence of the superior cervical — 


ganglion, as entirely due to-accelerated adrenine secretion. In the case 
of pilocarpine we have seen that, even under these auesthetics, some 


retraction of the nictitating membrane may be produced after removal 


of the supra-renals and the ganglion; but this could reasonably be 
referred to the stimulating effect of this alkaloid on plain muscle in 
general, and apparently apart from innervation, to which we have 


referred in a previous section. A third type of effect, however, bearing 
at least a strong resemblance to sympathetic stimulation, but persisting 


after the supra-renals and the ganglion have been removed, can be 


observed with nicotine and its pharmacological analogues also, if the 


animal be anssthetised either with urethane or by destroying the brain 
and cord under a volatile ansesthetic, subsequently removed by artificial 
respiration with pure air. Under such conditions the typical effect of 
the nicotine alkaloids, on the eye deprived of the superior cervical 
ganglion, is forward. movement of the nictitating membrane and 


dilatation of the pupil. On the side retaining the ganglion a first 
injection of 2 mgms. of any of these alkaloids causes the typical 


ganglionic effect, both dilatation of the pupil and retraction of the 
nictitating membrane being present. But the ganglion-cells, in an 


animal deprived of the supra-renals, seem very susceptible to the 


paralytic action of nicotine ete., possibly because the blood-pressure is 
low and the circulation feeble. Subsequent injections accordingly 


produce an effect of the same type on both sides, viz. slow dilatation 


of the pupil, without movement of the nictitating membrane. This 


dilatation can hardly be due to direct action on plain muscle, since it 


fails on the exeised iris. Nor is it due to rise of intraocular tension, 


caused by rise of general blood-pressure (cf. Henderson and 


Starling’); for it is still produced by injections of the nicotine alkaloids, 


when, on account of ganglionic paralysis, they no longer — shed 


blood-pressure effect. 


Under similar conditions pilocarpine causes maximal retraction of 
both nictitating membranes, the only difference being that retraction on 
the side retaining the superior cervical ganglion begins earlier and 
— more This action is possibly to ‘Setion 


Thin cack»: 805. 1904. 
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SUPRA-RENAL OAPSULES. 


on the plain muscle of the floor of the orbit. We have not found it 
possible to treat this as an isolated organ. 
It remained to be tested whether these peripheral effects, seen 8 


urethane, or without chemical ansstheties, and independent alike of 
ganglion-cells and of supra- renal secretion, survived the 2 r of | 


_ the peripheral sympathetic neurones. 


The left sup. cerv. ganglion was removed from a cat under ether, and the animal kept 
for ten days. The cat was then antssthetised with urethane (14 grms. per kilo) given 
hypodermically. An hour after this had been injected a little chloroform was given on a 
mask to deepen the anwsthesia. Both vagi and cervical sympathetics were cut, both 


_ stipra-renal capsules removed, and cannule put in the external jugular vein, for injections, 


and the femoral artery, for record of the blood-pressure. Thereafter chloroform was dis- 


continued, deep anssthesia being maintained by the urethane. The following extracts 


from the‘experimental record show che effects of, nicotine and hordenine-methiodide. | 

11.50. Both pupils small and nictitating membranes partly forward: left pupil some- 
what larger and n. m. less forward than right. (Slight paradox.) Inject 8 mgms. nicotine. 
The right eye shows an immediate ganglionic” effect—rapid dilatation of the pupil 


(rather small) and full retraction of the n. m. This laste only a few seconds, the pupil! : 


constricting again, and the n. m. moving forward beyond its initial position. Meanwhile 
the n. m. on the left side moves forward from the first. A secondary dilatation of the 
pupil then begins on the left side, soon followed by the right. This proceeds till the left 


pupil is maximal, the right f dilated. The left n. m. then slowly retracts till only a mall 


portion is visible, the right remaining forward. The dilatation of the right pupil passes 
off while the left continues maximal, with 3 retracted n. m. and wide palpebral fissure. 
The effect does not subside fally for about 15 mins. 
12.10. Aorta ligatured just below the diaphragm. : 85 
12.15. 4 mgms. hordenine-methiodide injected. 6 
to that of nicotine. The secondary dilatation of the right pupil was comparatively small 


and evanescent. On the left side the n. m. retracted more completely, the pupil dilated 


less fully than after nicotine ; but the eflect was. similarly prolonged one. 


We see, then, that the peripheral effect. of these alkaloids, as 
observed under urethane after removal of the supra-renals and the 


superior.cervical ganglion, not merely persists after degeneration of the 


post-ganglionic sympathetic fibres, but is greatly exaggerated by such 


degeneration. The plain muscle of the eye and orbit acquires, under 


these conditions, an abnormal sensitiveness to this peripheral action, 


precisely similar to that which it acquires to the action of adrenine 


(cf. Meltzer and Auer’, Elliott) 

It remained to be seen whether this abnormal sensitivences. was 
retained by the isolated iris. The cat was killed, and the. eyes 

removed and the irides isolated in 100 cc. of oxygenated Ringer’s 

solution as described earlier in this section. Nicotine in doses of 

1 to 10 mgms, produced no trace of effect on the pupil of the left 


1 Amer. Journ. of Physiol. XI. p. 28. 1904. 2 This Journal, xxxn. p. 401. 1905. 
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6 (Géigimationated) eye; the latter was as completely refractory as the 


normal isolated iris. Ten mgms. of hordenine-methiodide, after washing 
of the iris and transference to fresh Ringer’s solution, merely intensified 
the constriction of the pupil. But: this left iris, transferred again to 
fresh Ringer's solution, showed a very abnormally high sensitiveness to 
adrenine. 1/50 mgm. (i.e. one in five millions), which had no per- 


ceptible effect on the right (normal) isolated iris, caused a prompt and 


very rapid dilatation of the left pupil. Later, in fresh Ringer, a very 
distinct effect was obtained with 1/250 mgm. (As. 1 in 25 millions). 


We have, then, this suggestive series of facts. The cat's eye 
rendered supersensitive to adrenine by degeneration of its sympathetic — 
nerve-supply, shows a similar supersensitiveness to a peripheral! 
sympathetic effect which follows‘injection of the nicotine alkaloids, and 


Which, in an animal under urethane, is not abolished by removal of the 
‘supra-renals or exclusion of all abdominal viscera from circulation. 
But the iris, so supersensitive to this effect in the body, is as indifferent 
to the nicotine alkaloids as the normal iris when isolated. We have 
seen that the peripheral effect of these alkaloids in the cat under 


chloroform or ether is definitely traceable to increased output of 


adrenine from the supra-renal glands. The suggestion is almost 
irresistible, that the remarkably similar effect, which, under urethane, 
persists after decapsulation, is also due to the production, in response 
to the injection, and from some other source, of a substance having, at 
least in this direction, an adrenine-like effect. No other conception of 
this action which has yet presented itself to us accords so well with its 
time relations and with its total disappearance when the responsive 
tissue is treated as an isolated organ. We are not, however, in a 
position to present it as anything more than an attractive speculation. 
We hope by further experiment to attain direct evidence for or against 
it. At present we can only settle one point, namely, that the “ other 


source” of such a hypothetical substance cannot be identified with the 
minor deposits of chromaffin tissue scattered over the sympathetic — 


system, nor with sympathetic ganglia proper. If it were so, ligature of 
the aorta at the diaphragm, excluding from circulation all but a small 
portion of the sympathetic system, should assuredly reduce the effect to 
a minimal trace. We have seen, on the contrary, that — 
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(J) Certain alkaloids, which produce the effect of 3 . 

eee ener the cat's uterus in situ, fail to do so when the 

organ is isolated from the body. The same is true of the action of 
some of them on the cat's pupil. 

(2) The factors contributing to this e ec effect are, . 
stimulating action on sympathetic ganglion-cells, seen in the cases of 
nicotine and ite allies, and of pilocarpine: (b) acceleration of the rate 
of adrenine secretion from the supra-renal glands: (c) a peripheral 
sympathomimetic effect, seen in the animal under urethane, or 
anssthetised by destroying the brain, and independent of the ganglia and 
the supra-renal glands. This effect, which we have only observed 
certainly in the case of the nicotine alkaloids, is greatly increased, like 
that of adrenine, by degeneration of the peripheral sympathetic 

neurones, The nature of this effect, whether e or indirect, will be 
investigated. 
The importance of these different factors „„ 


alkaloids and with different methods of anmsthesia, In the cases 


of the hydrastinine group, and of indolethylamine, there is no evidence 
of a ganglionic effect, nor of any peripheral sympathomimetic action 
in the absence of the supra-renal glands. Probably the sympathetic 
effects produced by these alkaloids on the uterus in situ are to be 
referred entirely to accelerated output of adrenine. The nicotine alka- 
loids and pilocarpine have a marked stimulant action on sympathetic 
(among other) ganglion-cells; but in the animal under chloroform 


or ether, with well-stored supra-renal medulla, this action on the 


ganglia is almost overshadowed by the large effect of the outpouring — 
of adrenine which results from the injection of one of these al- 
kaloids. Thus in Langley and Dickinson's experiments, made 
on the cat under chloroform or ether, the effect of nicotine on the 


eye deprived of the superior cervical ganglion, which they found 


to be practically equal to that on the intact side, was presumably 
not a direct nicotine effect, but the result of the adrenine secretion 
which the injection of nicotine evoked. By analogy it is probable 
that the main factor in the sympathetic action of these alkaloids 
on the uterus is accelerated adrenine secretion, though stimula- 
tion of the ganglia doubtless plays some part. We have mentioned 
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the fact that the sympathetic effect of pilocarpine on the cats 
uterus, as described by Cushny, is, in our experience, a somewhat 
uncertain effect. This becomes readily intelligible when it is realised 


that the effect is, in any case, the algebraic sum of three factors, 
namely, stimulation of sympathetic ganglia and acceleration of adrenine 
‘secretion, both producing inhibition, with direct motor action on the 


uterine muscle. It may well be that partial exhaustion of the supra - 
renals, or any influence depressing their response to pilocarpine, would 


de sufficient to turn the balance of effect over from inhibition to — 
dominance of the direct motor effect on the muscle. 


These observations appear to us to emphasise the importance of 
controlling the effects of drugs on the whole animal, and especially 
effects of a sympathomimetic nature, by a study of their action on 


isolated organs. It may be the case that the organ, isolated in Ringer’s 


solution, is abnormal in its response to certain drugs, and that certain 


types of receptive mechanism, not separable from the organ ana- 
tomically, do not survive such conditions of experiment. On the other 


hand it is clear that, if the action as seen in the whole animal is alone 
considered, effects may be attributed to a drug, and special receptive 

mechanisms postulated for their explanation, though they are really 
secondary to effects in other parts of the body. It is to be expected 
that effects secondary to adrenine secretion, such as we have demon- 


_ strated in the case of a few alkaloids, will prove to be an important 
_ factor in the action of others. The possibility of their presence ought, 
at any rate, to be considered in the case of any drug which appears 


to produce effects of the sympathomimetic type, re when these - 
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SOME EXPERIMENTS ON THE PRECIPITATION OF 


SUSPENSOID PROTEIN BY VARIOUS IONS AND | 


SOME SUGGESTIONS AS TO ITS CAUSE. Br W. 
NEVILL HEARD. 


For some time it has been known that a boiled and . 0 of 
_ albumen, when made alkaline, behaves like a negatively charged 
suspensoid, in that it is precipitated by basic ions and when in an 
electric field moves towards the anode. On the other hand when made 
acid it behaves like a positively charged suspensoid in that it is sensitive 
to acid ions and moves towards the kathode, The ‘law of the ions’ 
is well known; and Hardy, to whom we owe these fundamental 
observations and deductions, gives for metallic hydrosols the formula, 
K=na(u+v) 4% where K = number of gram-molecules, na = percent- 
age of dissociated molecules, u = velocity of kation, v= velocity of anion, 
A = effect produced, # being some number increasing with the valency. 
Several investigators, however, have noted that the influence of the 
precipitant varies with different colloids. Thus Mines! found that 
a colloidal form of Nastvogel’s osazone was only a little more affected 
by a trivalent ion than by a chemically equivalent amount of H. In 
rendering a dialysed hemoglobin solution turbid the two were about 
equal but in the precipitation of a clay suspensoid H was actually more 
effective than the trivalent kation Y. And in the table given below 

H is seen to occupy a position that cannot be related to its valency. 

In order to estimate the relative effects of the various ions upon egg 
white albumen a uniform procedure was adopted. A number of test 
tubes were taken and into each were introduced 3 cc. of a boiled 
solution of egg white, 1-64 of distilled water, the protein being either 
in its unaltered condition, that is alkaline, or made acid by the addition 
of dilute HCl, according to the nature of the experiment. To each of 
these were then added 7 c.c: of a solution of the electrolyte to be tested, 
arranged so as to form a series containing a gradually diminishing 
concentration of the salt. These solutions were made by — 

Journ, Phys. p. 824. 1911. 
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a gram-molecule of the electrolyte in a litre of water and diluting as 
might be required, equivalence of the ions under investigation being 
secured by taking only one-half a gram-molecule where two atoms are 
present in the molecule, as in Al, Cl, when the Al is being tested, 
one-sixth where six atoms are present, as in Al, Ol, when the chloride 
is being tested, and so on. The tubes were then well shaken and left 
to stand 24 hours in the cold and the results noted. The concentration 
at which precipitation (the terms precipitation and ‘coagulation ’ 
are used interchangeably) began and ended were marked, and a nume- 
rical comparison of the different ions effected by noting at what 
concentration a definite the 


50. NO, ou. 
OB ( 016 90 1 
Mg 
— 


Figures in brackets () require confirmation. 7 


| * Asch. is given as 0 because it gave no precipitate in any dilution from 10M o 
M/16000. But in dilutions at which the alkaline earths precipitate, namely from about 
MIS to M/60, a faint opalescence appeared after 24 hours. This seems to show that Mg 


8 by some condition present. This is discussed later. 


precipitation as evidenced by the appearance of a faint cloud—was 
produced in the proteid solution by each. For instance, if one ion 
produced this effect in a concentration of 1-2000 and another in 
1-6000, the latter appears in the table with a number three times as 
large as the former. CaCl, M/15 gram-molecular solution was arbitrarily 

taken as the standard = 1, the others being given either in fractions or 
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same relation between the acid ions and hydrion was observed as that 
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multiples of that number. The reason a M/15 and not a eee 
solution was used becomes apparent after an inspection of the curves 
given below, where it is shown that Ca reaches its maximum power at 


„that concentration, an increase leading only to a lowering of its pre- 
eipitating capacity. 


There was some little difference found 1 various specimens of 


a Cl, but as Kahlbaum's For analysis, with guarantee” repeatedly 


weve M/15 as the maximum this was taken as the standard: 
Table I gives the relative power of various electrolytes when the 
protein has been boiled and is therefore a negatively W suspensoiĩd ; 


sensitive to the kation. 


(2) The protein was then made faintly acid with a few drops of 
dilute HCI (about 3 cc. of a 1% HCl solution to 230 oc. 1-64 
albumen solution is usually a convenient amount) by which it was 
sensitised to the negative or acid element of the electrolyte. Here the 


between the basic ions and hydroxidion, namely that the power of the 
acid ions was in inverse ratio to the amount of acid added, every drop 
after a certain point reducing the power of the anion of the salt. First 
of all a series of acid ions with a common basic ion—sodion—was taken. 

The weakest is given first, the strongest 888 with . — 
roughly their 


TABLE 1. 
1 NaOl=1 ; 8 Ne 
2 Nahr 18 6 Na0OCCH,=90 


Nal=5 


With the same acidified suspensoid 88 two series 3 anions, 
chlorides and sulphates, with different kations, were tested and it was i 
e that taking the 2 salt in “— case as unity, 


‘TABLE IV. 

(i) NaCl (1) Naso, 

(2) (2) 1-4 MgSO, 
| 
864000, ‘ee aboot an o one 

another. 

(8) 24 

were about equal to one another. 
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Tables III and IV serve only Wy 
for comparison of chlorides with | 
chlorides and sulphates with sul- 
phates, For comparison of chlorides — 
with sulphates all the numbers in 
Table IV would require to be multi- 
plied by eight as Table II shows. 
Some curves of precipitation of 
alkaline suspensoid protein by cer- 
tain basic ions are now given (Fig. 1). 
They were obtained by the methods 
described at the beginning. 5 
The curve is of course not drawn - 
to scale but artificially compressed 
towards the right. It is intended 
to act only as a general guide to the 
precipitating powers of the various 
electrolytes. The ordinates represent 
roughly the amount of protein pre- 
cipitated, (1) standing for complete, 
(2) for partial precipitation, (3) for 
heavy cloud and (4) for haze in the 
solution. The absciase represent 
the number of times the gram- 
molecule solution of electrolyte has 
been diluted before addition to the 
protein (dilution is therefore half as 


5 and 5’ = first and second curves of Pb (NO,),. 
6 and 6’=first and second curves of CuCl,. | 


great again in mixture). 


For comparison with the above, Al Cl,, 
Fed, and CeCl, are given in a solution 
that has been sensitised to the anion by Y— 
means of acid (Fig. 2). It will be noticed 
that their curves are only shifted a little 


and and second curves of ies 


(80,),). 


9=Zn80,. 10=HgCl, (trom 


10) curve of Ou 


7=AgNO,. 8=FeS0O,. 


4 and 4’= first and second curves of CeCl,. 


8 and 8’=first and second curves of FeCl,. 


to the left by the presence of the acid. 
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Discussion AND CONCLUSIONS. 


In Table I the law of valency is seen to be followed in so far as the 
weakest kations are found among the monovalent alkalis, those 
intermediate in power among the divalent alkaline earths and’ metals, 
and the strongest among the trivalent metals. But the modifications 
of this law are very striking. In the first place the monovalent H and 
Ag are much more powerful than any of the divalent alkaline earths, 
a fact which, as far as H is concerned, entirely accords with the observa- _ 
tions mentioned at the beginning. In the second place metals of the 
same valency differ very much from one another. Thus the divalent 
alkaline earths are far weaker than the divalent metals and magnesium 
belonging to the same group, as the former resembles the alkalis rather 
than the members of either division of the second group in the periodic 
table. Considerable differences are also apparent among the trivalent 
metals, and the question arises as to whether it is possible to give an 
explanation to account for the observed facts. : 
The suggestion here put forward is that these differences can, in 

large part at any rate, be explained by the relation of the electrolyte to 
the OH group. From the researches of Hardy and others we know 
that alkaline suspensoid protein is kept in solution through the charge 
given it by OH ions, for, the moment we neutralise these ions by a 
corresponding number of H ions the protein is precipitated. It follows 
then of necessity that the power of different electrolytes to precipitate 
protein must be dependent upon their power to nullify the effect of the 
OH ions free in the solution. Between the OH ions and the metal 
there is an opposition which appears in the fact that within certain 
limits the power of thé metal to precipitate is raised if we reduce the 
number of OH ions by neutralisation with an acid, and lowered if we 
increase their number by means of a soluble alkali. (For ‘tables with 
regard to Ca see H. Pauli and H. Handovski, Biochem. Ztschr. p. 244, 
1910, and for the physiological e see G. R. Mines, Journ. ) 
Physiol. XL. p. 327.) 

| Now in this process at least four factors are distinguishable, 

() Valency, by which the metallion acts in the way suggested by 
Hardy for metallic hydrosols. But this power to charge or rather 
neutralise the charge upon the protein is affected by certain chemical 
conditions, particularly by the relation of the OH group t to the metallion. 
This appears in the following. 
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(2) The weakness of the base in direct proportion to which the salt 
tends to react with the free OH. This process is comparable to the 
fractionation of the rare earths by ammonia when the weaker the base 


the more readily the latter reacts and is thrown down. 
(3). The low solubility product of the metallic hydroxide under 


the conditions present through which the OH ions are removed from 


solution. 
In certain cases, when the sa has little or no power from the 


causes mentioned, to the neutralisation of the OH ions by the H ions of 


hydrolysis. In other cases where the metal is very powerful from the 
same causes the substitution of metallion by an e of H — 
lowers the precipitating power. 


These considerations will, I believe, explain the 5 of the : 
majority of the kations. The salts of the alkalis have little power 


because not only are they monovalent but they are powerful bases with 


very soluble and highly ionised hydroxides. Such precipitates as Na 
gives are plainly largely dependent upon the nature of the anion and on 


the whole these precipitates are of the reversible order. Those given 
by the nitrate and chloride were found to be completely so, and though 


those given by the sulphate and acetate, particularly the latter, were on 


the border line and readily became irreversible their general character 
marks them off as of the nature of ‘salting out. Indeed the order 


found is the same as that in Hofmeister’s table of the salting out of 


globulin and it will be referred to later when the influence of the asion 
upon the kation is spoken of. 
The other monovalent ions Tl, H and Ag are much more 1 


and this is probably to be explained by the considerations in (3) and (4). 


When H is added to alkaline protein the OH ions are immediately 
removed by the formation of H,O, a compound which is practically non- 


ionised. When Ag is added we have the production of AgOH 


(Ag,O + H,O) a body that is very little soluble and gives rise to but few 
O ions, though the fact that it is perceptibly ionised perhaps in part 
accounts for its inferiority to H. TI is a weaker precipitant altogether 
owing to the fact that its hydroxide i is a perfectly soluble compound and 


such power a8 it possesses is due to its weakness as a base whereby | 


H ions are set free through hydrolysis. That it actually does precipitate 


in this way is shown by the fact that it has a very narrow range of 


precipitation which indicators like neutral red prove to be confined 


to a small area on ee 


solution with proteid. 
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In the divalent metals we have an enormous difference of power from 
_ Mg, which resembles the alkalis, to Pb which is about 400 times as 
powerful as the standard Ca. Comparing the order with that found by 
Linder and Picton for arsenious sulphide (Journ. Chem.’ Soc. 1895, 
LXVII. p. 63) there are seen to be some striking resemblances as well as 
differences. Thus the high position of Pb and Hg and their relation to 
both Zn and the trivalent Al and Fe are alike in both cases; while the 
relative powers of the alkaline earths and Mg are very different. The 
generally low power of the alkaline earths in Table I is to be ascribed 
to (2) and (3), be. they are fairly strong bases and the solubility products 
of their hydroxides are higher than in metals like silver so that they 
are less powerful though of a greater valency. Magnesium, it will be 
noticed, has a very curious position and such power as it possesses seems 
to depend upon the anion as in the case of the alkalis; though the 
chloride does not precipitate the sulphate does in high’ concentrations 
and this precipitate is probably in every way similar to that given by 
the corresponding sodium salt. The reason Mg does not act upon 
protein in the manner of those metals most closely allied to it chemically 
is due, I suspect, to the well-known fact that this metallion is not 
precipitated in the presence of ammonia and ammonium chloride; bodies 
which are present in protein; it cannot render the OH group insoluble 
under these conditions and accordingly has no power to reduce the 
number of OH ions; and therefore it does not precipitate. Be, though 
it belongs to the same series as the alkaline earths, behaves towards the 
OH group like Al and we find it is a very powerful precipitant. 4 
Coming to the heavy metals Zn, Hg, Cu, Pb, we find their order 
is on the whole that which would be determined by the considerations 
| 
1 But here the question of the effect of hydrolysis arises for it is clear 
that up to a certain point in the table when a metal has little power 
from factors (2) and (3) hydrolysis will greatly increase its power and 
the more so the higher the valency, for not only will the weakness of the 
base facilitate ‘the reaction but also provide through hydrolysis an 
equivalent of H which is more effectual as a precipitant ; whereas if it 
has great power from the same causes hydrolysis will actually weaken its 
power by substituting an equivalent of H which is not so effectual as 
a precipitant. TI, as we have seen, probably owes all its power to 
_ hydrolysis and Zn should have its efficacy increased by the same means 
for two H ions are far stronger than one:Zn ion. But when we come to 
Hg and Cu there is some doubt because it is difficult to tell exactly 
vn. XLV. 
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34 w 
what their power would be in the absence of all hydrolysia, The fact 


that Hg, which bydrolyses more than Pb or Cu, is a weaker precipitant — ) 
than either might seem to show that these metals are weakened by 


hydrolysis ; but it is very doubtful if either the amount of hydrolysis 
undergone by Hg or its excess over that of Pb would be at all sufficient 
te account for the observed differences in precipitating power. More- 


over the special position of Hg may be due to another cause, namely 


the faculty Hg has for losing its positive charge i in the presence of Na 
and becoming part of a complex anion, a view for which there is some 
slight: evidenee as will be seen directly when the anions are spoken of. 
The fact that CoSO, is apparently slightly stronger than CuCl, is 
also in favour of the view that hydrolysis strengthens the precipitating 
power of these ions, while the slight superiority of the nitrate to the 
acetate of Pb may point to the fact that this ion is weakened by 
_ hydrolysis. This argument of course rests on the assumption that the 


effects of H and the ion it partially replaces are completely additive. 


Ou and H were tested and it was found that, as far as could be judged, 
this was so, that is to say that if an amount of Cu, insufficient in itself 
to precipitate, is added to that amount of H which, though also 


insufficient: in itself to precipitate, would by calculation from Table 
I raise the Cu to the strength in which the latter gives a certain 


definite result, that. result actually follows. But there are certain facts, 


particularly with regard to Ag and Fe“, that make it doubtful if this 


additive relation obtains in all proportions; and before any definite 


conclusion ean be arrived at each metallion will have to be carefully ae 


investigated with regard. to this. 

As to the effect of hydrolysis upon the trivalent metals there can be 
little doubt. These metals are so powerful from causes (1) and (3) that 
the substitution of an equivalent of H must greatly weaken them. 
Fe“ which hydrolyses the most is the weakest, and Ce which hydrolyses 
the least the strongest, and doubtless the shape of the right half of their 


curves is largely determined by hydrolysis, It is interesting to note 


that the order (1) Ce“, (2) Al“, (3) Be“, is exactly that which Mines 
found for the action of these metallions upon the frog’s heart: (i 
Mines, loc. cit.). 


So far the metals comment: with when 


acting at their greatest dilutions. Fig. 1 however shows that matters 


are more complicated and that the differences between them can be 2 
properly expressed only by curves. Of tlfése curves there are two 
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short curve which, roughly speaking, extends from about 5 m. to 0166 m., 
while the stronger divalent metals like Zn and Hg, together with the 
monovalent Ag, differ in being one-sided and extending much farther 
to the right. In contradistinction to these single curved metals the 


mtongest divalent and all the trivalent metals investigated show two 


maxima, one in the region of high the other in the region of low 
concentration, which latter is of course the ordinaty precipitation that 
has just been discussed. The second maximum being due to the 
neutralisation of the negatively charged suspensoid by the positively 
charged kation it is suggested that the first maximum is due to the 
neutralisation of the now positively charged suspensoid by the negatively 
charged anion of the electrolyte, for while the chemical affinity of a 
trivalent ion is satisfied by three monovalent ions the charging power of 
a trivalent ion is far greater than that of three monovalent ions, as was 
long ago shown by Hardy. The theoretical probability of this taking 
place appears to receive support from the following facts. 

If one looks at the list of metals it is apparent that it is only the 
trivalent and the two most powerful divalent metals that have double 
 @urves, and that the two latter metals with their lower charging powers 
_ have much smaller intervals between the two maxima. Indeed the 
weakest of this double curved series, Cu, has a single curve when 
combined with the anion SO,, apparently because the latter being 
divalent does not allow of such an excess of positive charge as in the 

case of the chloride; there is a suggestion in the shape of the curve 
that if the latter could be carried sufficiently far to the left it would 
fall te zero before rising again, which is of course to be expected from 
tze relations of the two ions. Also if one compares the first curves 
given by the chloride and sulphate of Al one finds that the curve 
extends farther to the right in the case of the sulphate because this 
anion has a greater charging power than Cl. ae 
But the fact that appears to offer the strongest proof of all is that 
it was found, when testing the relative power of the chlorides to 
_ precipitate acidified albumen for Table II, that in the case of the 
trivalent metals practically the same concentration was required as that 
necessary to produce the first part of the curve with alkaline protein 
(see Figs. 1 and 2), at the most the curve being shifted a little to the 
left in the case of the acidified albumen owing to the slight additional 
charge imparted by the acid used for sensitising the protein. The 


& precipitate given in the acidified solution is admittedly a precipitate by 
@ chloride and one can hardly imagine that it is of a totally different 
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nature to that given in the same concentrations in an alkaline solution 
of protein when one remembers that in the case of metals such as 
Al and Fe“, which hydrolyse freely, the alkaline solution of protein has 
become acid, as indicators will readily show. Moreover if one takes 
alkaline protein and adds to it that amount of FeCl, which falls just 
outside the first curve of that metal and therefore does not precipitate, - 
it will be found that the solution will behave towards the sodium salts 
as though it were acidified, that is to say sodium chloride will nor 
precipitate in such a dilution as shows it to be the anion that is. the 
effective agent and not the kation. The sulphate will be found to be 
considerably more effective than the chloride; and MgCl, an electrolyte — 
that does not precipitate alkaline protein in any dilution will be nearly 
twiee as powerful as NaCl, just as in Table II, the reason of course 
being that it has two chlorine atoms compared with the one of NaCl. 
In Table II principles similar to those which have just been 
discussed are seen, except that it is now a case of neutralising H, and 
not OH, ions. The valency and the weakness of the acid are the 
principal factors; for pragtically all hydrogen compounds being soluble 
the number of H ions cannot be reduced by lowered solubility. Though _ 
NaCl gives rise to no OH ions by hydrolysis it has the effect of reducing __ 
the hydrogen ion concentration as was clearly shown by Chick and 
Martin (Journ. Physiol. XIII p. 1). NO, is probably on the whole a 
slightly weaker anion than Cl, for, while some determinations make. 
them equal others make NO, slightly the weaker and this presumably | 
accounts for its superiority. The hydrolysis which takes place in the 
_ iodide and, to a much lower extent, in the bromide, is unquestionably — 
the reason for their enhanced powers. The influence of hydrolysis is 
also well seen in the position of the acetate which, though monovalent, _ 


is far more powerful than the divalent SO, owing to the large number 


of OH ions it sets free. Just as in the case of the kations the strongest 
anions overcharge in high concentrations and do not precipitate the 
protein, though the facts are not sufficient to warrant a discussion as to 
whether all of this overcharging is due to the OH of hydrolysis or 
if part of it is due to the anion itself. A number of trivalent anions 
would have to be examined and this must be left for future worx. 
Tables III and IV show the effect of the kation upon the anion. 
The protein being acidified the anion is the principal element of the 
_ electrolyte but that the kation is not without effect is clearly shown, 
just as in Table I the anion is seen to have some influence upon the 
kation. Moreover hydrolysis which might at a first glance seem to be 
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For instance AICI, hydrolyses freely and adds acid to the mixture 

thereby weakening the power of the anion but the differences between 
the chlorides of Al, Fe and Ce and those of Hg and Cu cannot be 
explained in this way. Fe which hydrolyses most of all is a stronger 


precipitant than AICI, and is closely allied to CeCl, which hydrolyses 88 


very little. HgCl, also hydrolyses more than CuCl, yet it is more 
powerful. The general reason for this order is that suggested for the 
first maximum in alkaline protein for, as was then pointed out the 
parallelism of the two sets of curves is 80 close that it is impossible not 
to believe they are due to the same cause. In this case as the other 
the positive charge given by the kation has to be taken into account 
and in the positively charged solution it adds a further charge and in 
proportion to this charge reduces the power of the anion. But the 
charge upon a metallion is not a simple fixed quantity under all 
conditions and in certain cases it is altered in the presence of other 
ions, for instance HgCl, has a tendency to form complex salts in which 
part of the Hg instead of forming positive ions becomes negatively 
W and forms a portion of complex anion. 

Doubtless the influence of the absorbed salts is felt here and if any 
portion of the Hg form part of a complex anion it might, instead of 
counteracting the effect of the charge of the chlorion actually aid that 


as part of a new anionic complex. Perhaps along some such lines an a 


: explanation of these curves will be given. | | 
With regard to the effect of the anion upon the kation in alkaline 

solutions there is hardly sufficient evidence to prove anything beyond 
the fact that apparently there is always some ‘action. In both the 
alkalis and the alkaline earths the nitrate is clearly inferior to the 
chloride or, put in another way, is a more powerful inhibitor of the 
kation; and if the number given for Cu(NO,), can be trusted this would 
seem to be so for the heavy metals. Doubtless differences in con- 
ductivity and ionisation partly explain the influence of one ion upon 
the other but it remains to be seen whether the whole of the effect can 
be ascribed to this, In the sodium series the influence of the anion 
seems to be paramount, for instance the citrate which does not appear 
in Table I was found to be some 15 times as powerful as the 
chloride, corresponding with the numbers given in Hofmeister’s table 
if the latter be calculated in terms of gram-molecular solutions. 

It may be said that these precipitates are of the nature of salting 
out and therefore are not governed by the same N but 9385 
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from the fact that these precipitates show a gradation’ between the 
reversible and irreversible classes there is some evidence for the view 
that the differences between suspensoid and emulsoid protein are of 
degree rather than of kind. The question arises if these are not 
precipitations by the anion of —* thas has been made e- 
Positive the Kation. 


Summary. 


00 The power of an electrolyte to 
sugpensoid protein while primarily dependent upon the valency of the 
kation is greatly modified by the relation of the latter to the OH group 
and its capacity to reduce the ionisation of that group. The reason the 
order of precipitation somewhat resembles the order of hydrolysis is due 
to the fact that in both cases the reaction is between the kation and the 
OH group. But the law of the ions and the complicated conditions 
present in the mixture of protein and electrolyte cause considerable 
- differences between the two orders which are only superficially alike. 

Hydrolysis may or may not increase the precipitating power of an 
_ electrolyte according to the power of the kation and its relation to H. 
The trivalent and most powerful divalent metals have two curves of 
precipitation and it is suggested that the first is the throwing down by 
the anion of the protein which has been made electro-positive by the 
kation. 

(2) Positively charged suspensoid protein being kept in solution 
by the charge given it by H the power of the anion to precipitate is 
due to its capacity to reduce the ionisation of the compound of acid 
and protein. 

3) Though the kation is the principal element in the precipitation 
of alkaline protein and the anion in the precipitation of acid protein 
the accompanying ion is probably never without some effect. Probably — 
this influence is of a complex nature and due to different causes. 
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‘THE INFLUENCE OF LACK OF OXYGEN ON TISSUE 
RESPIRATION. Br F. VE RZ AR, Budapest. 


(Fon the Physiological Laboratory, Cambridge.) 


Tur alterations of the respiratory gases, produced by 1 the O, 
pressure in the inspired air, have been the subject of a great number of 
papers. Experiments in the pneumatic chamber and the numerous 
_ researches which have been carried out in high altitudes have added 
considerably to our knowledge of this question. 
On the other hand we know almost nothing of how the different 
organs, considered individually, react. to a greater or less oxygen supply. 
This question has probably remained uninvestigated largely owing to 
the difficulty of the older methods of blood-gas analysis, but partly 
perhaps because the changes of the whole respiration have been taken 
as the picture of the ‘Tespiration of the organs jointly and severally, 
a supposition concerning which there is no evidence. 
From a study of the influence of lack of oxygen on tissue respiration 
it seemed possible to ascertain something about the oxygen-pressure 
inside the tissues. The importance of such data was largely explained 
by Bohr, The question of the rate at which oxygen gets into the 
tissues is more or less a question of the oxygen-pressure in the tissues. 
It is usually supposed that there is no oxygen-pressure at all inside the 
cells, The flow of oxygen according to the general idea is maintained 
by the pressure difference of oxygen in the blood and in the tissue. 
It diffuses from the place of higher pressure to the place of no pressure 
or lower pressure. I adopt this standpoint in the following pages for 
though it is theoretically possible that oxygen is secreted in the 
direction of the tissues by some “vital” function of the capillary cells, 
I have found nothing in confirmation of this possibility. | 
If the oxygen comes into the tissue by diffusion, then the quantity 
| going into the tissue (Q) depends on the difference of oxygen-pressure 
in the blood (P) and i in the tissue (p), other things being equal, 


(P—p) 
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F. VERZAR. 


It now, ab has been supposed, p=0, then if P Q most 


decrease in the same way, 
Q=d P. 


The oxygen-use therefore, if the oxygen-pressure is diminished j in the 
blood, must diminish in the same rate. If this is not the case it 


must be concluded that p (the pressure in the tissue under normal 


circumstances) is not 0 but has a e e which is — of : 


reduction if P falls. 


The measurement of P, the pressure of oxygen in the capillaries, is 


an approximation. It may be well at the outset to indicate clearly the 
relation between P as measured and the ideal value. The procedure is 
as follows. The pressures of oxygen in the arterial and venous bloods 


respectively are calculated by determining the percentage saturation of 
each with oxygen and taking the arithmetic mean of the two. For the 


calculation I have used the normal curve of Barcroft and Orbeli o 


which relates the percentage saturation of cat's blood at 40 mm. CO, 
pressure, to the oxygen - pressure. The first assumption is that the CO., 
pressure is 40 mm. If this be true for the artery it will be to some extent 
untrue for the vein since the alkalinity of the blood in the vein will be 
less than in the artery. No account has been taken of this, its general 


tendency would be to make the value of P too high. The second 
assumption is that the arithmetic mean of the arterial and venous 


oxygen-pressures is a fair measure of the capillary pressure. The less 


the difference in composition between the two, the less serious is the 


assumption. In any case it cannot be regarded as an exact mathematical 


expression, its tendency is to make P too high. I, therefore, worked out 


(1) the amount of oxygen used by the organ C, (2) the oxygen - pressure 


in the blood traversing it, or at least in the blood entering and leaving 


it; at the same time comparing these data, it had to be determined | 


how the oxygen-use Q changes when the O, pressure P is changing. 
_ Method. I used the differential method of blood-gas analysis 


described by Barcroft and Roberts. In order to get bigger 
differences, I always used 1 c.c. saturated on one side, the venous or the | 
arterial blood on the other. In this way, it is possible to get not only 

the amount of oxygen used by the organ, but the percentage saturation 


of the arterial and venous blood, for the total oxygen capacity was 
measured, after the analysis of the oxygen, with ferricyanide, ‘and from 
these data the percentage saturation could be calculated. For this 
purpose I usually made a correction of 1 mm., ie. about 23 / of the 
whole oxygen capacity, for oxygen physically absorbed by the blood, in 
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dhe pepdess of shaking in me apparatus This correction is probably of 
sufficient accuracy, though in 1 e — 1 vary with the 
oxygen · pressure in the blood. 
The experiments have * done on tony different organs, namely 
the submaxillary: gland, the .gastrocnemius muscle, the heart and the 
kidney. For the submaxillary gland I used the preparation described by 
Bareroft , for the kidney that by Barcroft and Brodie % for the 
heart that by Heymanns and Kock mann G and ees the muscle that 
described by myself (this Journal, xxiv. p. 244). 
The scheme according to which I have s in all these experi- 
ments was the following: the organ was prepared, its vein was 
isolated, all possible connections or anastomosis were tied and then 
a cannula was put in a side-branch. For collecting the blood the 
central part of the ‘vein below the branch was clamped and the blood 
then flowed back into the cannula and from there into a horizontally 
graduated pipette. In thie way also the rate of blood-flow could be 
measured. I marked the time at which the blood reached the tv or 
1 cc. marks with an electrical signal on the drum. 

In all experiments the blood-pressure was measured from one 
carotid artery. The animal was lying on a heated operating table. It 
was narcotised first with A. C. E., then with urethane, To prevent the 

_ clotting of the blood in the submaxillary, the heart and the muscle 
experiments, hirudin was injected into the jugular vein. In experi- 
ments on the kidney, where large cannule could be used, it was 

‘enough to put some hiradin 1 in the pipette and later in 1 the blood-gas 

apparatus. 

The experiment began with breathing normal air. The animal was 
always tracheotomised. After taking normal blood-samples I gave air 
with less oxygen. For this purpose the trachea was connected with Müller 


. water valves, which allowed the cat to breathe only from a gasometer. 


This was filled with air, but was connected with a balloon or second 


- , gasometer containing nitrogen. If there was free connection between 


these, the air in the first gasometer became during the breathing more 
and more diluted with nitrogen and the animal therefore breathed air 
ol gradually diminishing oxygen-pressure. On taking a blood-sample 
I. always:took at the same time a sample of air breathed. This was 
easily done through a T tube between the gasometer and the valve to 
which’ was attached a vacuous Haldane's gas sampling tube. The 
sample of air was subsequently analysed in a Haldane gas ‘analysis 
apparatus Sometimes if it seemed necessary to get a certain oxygen 
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propre it in the before he experiment and it 
was then used during the whole time. 

The submaaillary gland. thi 
nervous system; the chorda tympani .and the cervical -sympathetic 
being cut. A cannula was put into the duct to make certain that the 


gland secreted on stimulation, In all my experiments the gland was 


in good condition. Venous blood was collected from the jugular vein in 
such a way that only the blood from the submaxillary was us et. 
Four experiments were made (Table I), The result was, that if the 
quantity of oxygen in the air and also in the arterial blood was decreased, 
even greatly, the oxygen used by the gland was not changed. This 
means that the amount of oxygen used by the gland had an undiminished 


value even at the lowest oxygen-pressure I used, about 25 mm. in the n f 


arterial blood (Exp. I). The values of oxygen used during respiration — 
of normal air and air poor in oxygen are in each of the first three 
experiments the same; in the fourth a little increase took place which 


ol the 
per 
ate min. — perilce. 8 Ast Ven. (e. e. per Time 
Norm. 025 ‘081 684-5665 78 48 85 11 40 
; 160 1°25 11 h. 44m. 
84%, 0 0 196 44 2 6 1:20 12 6 
Norm. 025 032 980 560 90 42 6 510 Diluted air from 
“109 1°85 5h. II m. 
52%, 022 028 260 20 30 3 12 5 1 
Norm. 031 030 94 61 100 44 60 8 58 
"154 06 4h. Om. 
7% 082. 9081 863 465 84 86 67 46 
Norm. 041 084 100 68°9 100 47 1°4 1180 Diluted air from 
4% 062 ‘108 166 #458 175 88 23 23 #=$206 41187 Uh ss m. Short- 
Norm. 038 079 100 62°7 100 46 13 1160 ly after heart and 
and return only 
by artificial resp. 


limit at which the gland cannot get enough oxygen to maintain its 
oxygen-use at a normal value. But it is practically impossible to 
arrive at this point as the animal dies of suffocation before the gland 
uses less oxygen than normal. I said above that if in the tissue there 
were no oxygen-pressure at all, the oxygen used should decrease at 
the same rate, as the oxygen-pressure in the blood decreases. As 
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Q=d{P —p) and we find now Q constant, also P—p must be constant. 
If p= 0, this difference cannot remain the same. From this it follows 
that in the normal gland there must be a certain oxygen-pressure p> 0. 
We may try to calculate how large this pressure can be. Two con- 
siderations must be fulfilled: (1) on diminishing the oxygen Pressure 
in the blood, that in the tissues must fall parallel, as it is only in this 
way that the difference can remain constant. (2) In any case the 
oxygen-pressure in the tissue must lie somewhere under the O, pressure 


= in the venous blood, otherwise it never could fall so far. 


But apart from the consideration that it must have the venous 
pressure as its superior limit and zero as its inferior limit, we can get a 
clearer view of its actual value in the following way: let us call the 
oxygen-pressure in the normal blood P, in the normal gland p, in 
the asphyxiated blood P, in the asphyxiated gland y. We _— 
70 

The limitations of P, which apply also to P,, have been considered 
above. Let us recollect however that P the arithmetic mean of the 
_ arterial and venous pressures may easily be 10 mm. on either side of the 
real capillary pressure, if indeed any single value for such a term can 


9 * be used. The following table shows these calculated values: 


Norm. 60°5 mm. 
Norm. 66 2 
Norm. 72 
21 
Norm. „ 
Norm. 73 


we find | 
Now p must be a value between the pressure in the capil mt 
0, thet p= 45 + [15° > 0} 
Exp. I. p=60°5>45. 
„ TL p=66 > 49°5. 
„ III. p=72 61. 
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8 Remembering that the values given for the capillary pressure maß 
be several mms. in error, we must also remember that the intracellular 
Og pressure cannot be greater than the venous O, pressure. This is for 


Exp. 1 48, Exp. II 42, Exp. III 44, Exp. IV 47 mm. The latter values 
do not differ greatly from the inferior limits given above. We may there- 


fore conclude that the tension of the oxygen in the tissue is very 


elose to that in the vein, Which is about 44 mm. This result con- 


firms the supposition of Barcroft@. 


In stating our argument we assumed that only. one quantity 3 


namely the oxygen - pressure in the capillaries, and that other things, 5 


including the blood-flow, remained constant. In Exps. I, II and IV 


there is a quickening’ of the blood - flow, the validity of our argument 
therefore, so far as these experiments are concerned, depends upon the 
fact, which Ba reroft and Muller have latelyshown, that the quickening 
of blood -flow does not influence at all the oxygen-use of the sub- 


maxillary gland. Moreover these experiments are controlled by Exp. III 
in which the blood-flow remained very constant, and in this case also 


the gland had a constant oxygen cae, eas This confirms the 


| exactness of the above calculations. 


The gastrocnemius muscle. After the muscle was prepared in ‘the 
way mentioned above, it was replaced, the tendon Achilles was put in 


its previous place, and the skin was closed above the muscle. The sciatic 


nerve was cut about 10 minutes before the experiment began. 
TABLE II. The gastrocnemius muscle, 


the air de. 66 Og % mm. mm. per min; gm. 48. Remarks 
Norm. 00382 ‘043 82 19 62 24 6 1215 Diluted air 
‘118 183 12 h. 25 m 
95% 0012 6 2 8 12 26 
Norm. 0086 260 93 58 100 41 490 12 25 Diluted air 
Norm, 0070 211 16807) 94 55 100 42 86 3803 1285 12 h. 40m. 
137%, 0046 146 73 25 88 22 19 12 50 
Norm. 0061 114 915 80 88 60 60 — 
% 0089 072 164 92 82.97 60 187. — 
80%, "0085 066 36 28 34 — 
Norm. 000 44 88 7 Diluted . air 
10 / 0028 047 196 60 36 44 84 104 208 12 40 12 b. 85m. 
179 
* 9039 048 6 84 70 41 76 — 


* For the purpose of getting only a very slight fall in the oxygen-pressure of the 
arterial blood in this Exp. no diluted air was given, but the trachea-cannula was closed for 
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Five experiments were made (Table IT). As the change of the 
blood-flow perhaps may introduce an error, we must mention that in 
the third period of Exp. VI, and in the second period of Exp. VIII the 
blood-flow changed considerably’. But if we do not use these two cases, 
the general result of the following calculations remains the same. 
It will be seen that the result was very different from that obtained 
in the submaxillary gland. Apart from Exp. VIII, of which we shall 
speak later, the oxygen-use of the muscle diminished in all experiments 
if the oxygen-pressure in the arterial blood fell. 
: As the venous blood did not become completely reduced, the cause 
of this diminution cannot have been absolute lack of oxygen, but only 
that the difference of pressure (P- p) became less with the diminution 
of the pressure (P) in the arterial blood. Let. the oxygen-use of the 
normal muscle be , the pressures P, p and these in the asphyxiated — 
muscle, P’, , then Q, P- p, P- P are greater than 
and p- p. 
The difference in the tissue pressures is, as we see, less than the 
difference in the capillary oxygen - pressures. This can only happen 
= becomes = 0 and therefore cannot diminish more. Therefore 
p< | 
In this way we can determine a limit under which the oxygen- 

pressure in the muscle must be. Calculating as above 1 in the case of we 
e gland we have: 


the capillaries 4 Value of p 


FF 
187%, 
vn Normal 74 <41%5 
89% 95 „ 
80 „, ” 
Vill Normal 49 50 cas 
10 % 
56 


We the lowest elas for a limit ander which the pressure 
in nthe muscle must be. This is 19 mm. Hg. 

1 The experiments of Barcroft and Müller quoted above apply ~ to the a 
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In the foregoing calculation I have omitted Exp. VIII since the 
oxygen-use remained constant; this was probably due to the capillary 


orygen- pressure remaining nearly constant. In this experiment there 


was a very low oxygen-pressure in ee 
doubt by the very slow respiration of the animal. 

‘Attention must also be called to Exp. IX. This shows dint in 
the oxygen-use. But the decrease is so slight that it touches the limit 
of experimental error. The decrease however could not be expected to 
be larger, since the fall of the oxygen-pressure in the blood was not 


From the calculations given above we only know, that if there is 
any pressure in the muscle it must be under 19 mm: Hg. Let asuow 
assume that there is no pressure at all p= 0, then Q= dP, the oxygen- 
use must run parallel with the changes in the oxygen-pressure in the 
_ blood. In the following table the percentage decrease of the oxygen- 
pressure in the capillaries in oxygen want, and the . — ) 


Decrease of 
8 1 a Og use of the muscle % 
56 43 
IX 22 19 


| Considering what an uncertain value the oxygen-pressuce j in the 
capillaries is, the coinciderice of these values is quite good. Exps. V 

and IX in which the absolute differences are far from each other 
show very exactly that the oxygen-use of the muscle is in the same 
proportion as the oxygen-pressure in the blood. This suggests that 
in the muscle there is no oxygen-pressure at all. There might, 
it is true, be a trifling oxygen-pressure, too small to be capable of 
exact measurement, but as shown above, it cannot be — ea 5 
19 mm. Hg. 

The results of our investigations 80 far. are therefore that in the 
submaxillary gland there is a high oxygen-pressure and that in the 
muscle there is a low one or none. The latter result agrees with that 


of Ehrlich@, obtained by measuring the reduction of alizarin blue. 


He found that the muscle reduces very actively. Hermann as is well 
known found that in cold-blooded animals, muscle stores up a large 
amount of O, in some form of chemical combination. My results show 
that the muscle of warm-blooded animals has little or no O, physically 
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dissolved or in a dissociable form and that if there is any stored up it 
is all or practically all present in stable chemical compounds. : 

On the other band, we may argue that the oxygen in the sub- 
maxillary gland, which has a high pressure, must be there in either 
a physically dissolved form or in a dissociable combination, as oxygen 
is in oxyhemoglobin. This suggests that the oxygen is in a kind of 
reservoir, from which it can be drawn in case of need, and that the 
oxygen taken up from the blood does not become directly bound chemi- 
cally but has first to pass into this reservoir. If the oxygen is then 
physically dissolved, the actual amount would be very small. The 
submaxillary gland of the cat weighs about a gram. At 45 mm. 


_ oxygen-pressure it would dissolve about 0°002 0.0. of oxygen, an amount 
which would be 4 seconds’ oxygen supply for the gland. “3 


The heart. The heart unfortunately shows special conditions which 
make it impossible at present to apply the arguments used in the other 
eases. The other organs were resting organs, the heart was in rhythmic 
activity. I found it impossible to keep the heart in the same condition 
during the normal period and the periods in which there was lack 
of oxygen. Therefore it may be that the differences between the 
normal and the other periods are more or less influenced by the 


differences of the work of the heart, an influence which cannot as 


yet be accurately measured. It may however be of interest to give 
these experiments from the point of view of how lack of oxygen acts. 


TABLE IIL. The heart. 


saturation blood of Wi Number 
Oxygen per Ain. per loc 2 Of heart 3 

min. blood Art. Ven. Art. Ven. flow(ac. heart Time beats 
the sir de. (22.0) % % mm mm, permin) gm n. permin Remarks 
Norm. 056 540 87 57 67 42 15°0 A 12 4 © 240 Diluted air trom 

1 
070 8602 % 36 100 34 98 12 686 240 
Norm. 011 108 11 87 64 8 128 1255 24 Diluted air from 
175%, 018 -124 1% 91 8 7% 10 101 97 %16 204 
176%, 012 “116 91 14 75 18 “01 120 186 y thexightven- 
Norm. 120 1˙190 98 61 100 45 25-0 12 40 252 Diluted sir from 
22%, 077 “766 2% 8 10 888 146 908 tim 
Norm. 0900 890 98 48 100 89 18% 111 186 i obvious that 
080 795 6 17 56 22 9-0 18 180 
Non 7 EH air trom 
Norm. 012 774 84 60 “hom 
66%, -010 601 45 87 26 182 
Norm. 009 986 % àm‚⁊ ˙ 

146 10? 
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The method, first ere on the dog by Hey manns and Kockmann, 
is as follows. The carotid of one cat is connected with the aorta of 
another, which has been killed by pithing. The blood flows from the 
- aorta. through the coronary vessels to the pulmonary artery and leaves 
the heart to pass to the jugular vein of the living anssthetised cat. 
Blood is taken by a T tube in the usual way. The heart of the pithed 
cat begins to beat instantly the blood-flow begins. Its movements are 
registered. by connecting it with a Marey tambour. By this method 
it is quite easy to measure the number and more or less accurately also 


the altitude of the heart beats, but we cannot measure the work done b 


the heart: The work often becomes less, during lack of oxygen. The 
experiments show that if the quantity of oxygen in the blood decreases, 
the oxygen used in the heart decreases also, This decrease however in 
the oxygen used is not directly proportional to that of the oxygen- 
pressure as it is in the case of skeletal muscle; indeed in Exp. XVIII, 
which is especially interesting as being one in which the blood-flow in 
the two periods did not vary appreciably and which was very satis- 


. factory from the point of view of the oxygen-pressures since the arterial — 


O, pressure in period 2 was below the venous pressure of period 1, the 
oxygen used in the two periods was almost the same. In the second 
estimation of Exp. XIX there was an unusually high venous oxygen- 
pressure and at the same time very little oxygen used, a result for 
which I have no explanation. In Exps. XV. and XVI it is remarkable | 

that in the normal period less oxygen is in the blood than in the next — 
periods in which air, but slightly diluted, was breathed. It is possible 


that the narcotised animal was breathing more strongly or the circula- 


tion became quicker, but these experiments can be utilised, since from 


dur standpoint it is only the oxygen- pressure in the blood which i is 
8 of interest. 


We come to the conclusion that the oxygen-use of the 
_ heart becomes less if the oxygen in the arterial blood decreases. 
This may be caused indirectly to some extent by changes in the 
heart's work; on this point no certain judgment can be given. The 
fact however must have an influence on the oxygen-use of a heart, 
which as in the experiments of Weizsickerao, beats for hours in the 
same fluid, and comes more and more under the influence of lack of 
oxygen, and will therefore as the experiment is going on use less and 
less oxygen in the same time. Probably in the heathy as in — ; 
muscle, there is a 
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|: The kidney. The experiments on the kidney were made by the 
method of Barcroft and Brodie on eviscerated animals. The aorta 

was tied below the renal artery. Blood was collected from the vena cava 

by clamping it above the renal veins and 788 the vious to flow 99 5 

a below them. | 


Art. 
| 8˙1 02 490 43° Diluted air breathed 
xy % 184 18°6 — 14m. 
Normal 018 380 88 64 22 11 88 
ormal 034 676 98 60 100 44 18 1118 Both kidneys used. 
048 856 158 87 87 72 34 10% 20˙0˙ 11 40 Du em Ih m. 
010. 200 20 2090 28 240 69 11 50 Weicht ot 2kidneys. 
Normal 035 8 98 62 100 45 20 3 O Diluted sir from 3h. 
XVI 6B% 041 766 091 56 17 42 22 20 187 3 10 5 . 
80% 046 866 59 22 44 27 229 81 
0 11 80 
60 186 16 26 174 75 1187 
Normal 090 ‘669 84 68 68 46 176 11 $1 
Normal 0 415 97 69 100 49 109 1138 Di. h. 40. 
XIX Airdiluted 059 672 186 54 0 41 0 90 113 1149 om. 
178% 017 51 00% 40 0% 12 2 * Decrease due to fall 


It will be seen that in six A observations on five animals oe 
kidney used more oxygen, when the quantity of oxygen in the blood was 
decreased. As is shown later, the increase in four out of six cases varied 

from 31 to 59 %, in one it was 26 % and in one 17 %., The work 
of Barcroft and Straub and of Knowlton has shown that the limit 
of experimental error in the oxygen determination is 10 % in either 
direction. Most of my results are clearly outside this range of error, 
and it is to be noted that in all six experiments the change in oxygen- 
use was in the same direction. The results cannot be due to increased 
blood- flow since in four cases the blood-flow was decreased, and in the 
other cases it was constant or increased but slightly. I conclude there- 
- fore that the decrease in the oxygen supply increased the oxygen 
consumption. If this is so, we have to account for the three cases 
(Exps. XVI 3, XVIII 3, XIX 2, 3) in which there was a decrease 
in oxygen-use. The key to the explanation is the absolute lack of 
oxygen in the venous blood, wae occurred in all three. It is obvious 
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that the kidney can only increase its oxygen-nee if oxygen is available | 


in the blood passing through it. I attribute then the absence of 


inerease in these cases to a deficient supply of oxygen. With a 


- gufficient rate of blood-flow, a complete absence of oxygen: in the 


venous blood is compatible with increased arp une ai is shown in 


Exp. XIX 2. 
The increased oxygen-use during oxygen-want may 8 be 


referred to some intermediate product or produets of metabolism 


_ produced by oxygen want. Such products might increase the worx 
of the kidney. I have not noticed any increase of work, but in the 


conditions of my experiments the kidney secreted very little urine, and 


it would be difficult to notice small changes. It is not however necessary 


to suppose that the increased oxidation is due to increased work. For 


the oxygen-use can be influenced by NaCl, as.I have shown an, and 


perhaps some substances which have such an influence are produced. 
My results on the kidney have a bearing on certain observations on 


metabolism made on the whole body. Nearly all observers of meta- 


bolism in high altitudes dia, 10 have found an increase in the oxygen-use 


and the carbon-dioxide production 1 in the diluted atmosphere. We may 
ask therefore how far the increase in general may 


been caused by increased kidney metabolism. 


The increase of the oxygen-use of the in 
vas the following : x 


Exp. XV. 44 % 
| 
” XIX. 59%. 


‘The of ‘both kidneys is to Tangloo 
10 % of the whole body, a value which coincides with the values of 


Bareroft and Brodie with blood-gas analysis. This means. that the 
oxygen - use of the whole body—if no other change occurred in the 
respiration—would have increased by the increased kidney respiration 


from 1759 /. The increase of the O, use in high altitudes in the 
above-mentioned cases was very variable, attaining in some cases to 


about 20°/,. Only a part of this, though a not inconsiderable part, 
therefore come from increased kidney metabolism. 
The fact that the kidney uses more oxygen during lack of oxygen 


makes it impossible to calculate whether there is any oxygen-pressure — 
in the tissue. * inorease F a constant 
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i e as in the submaxillary gland, or on a decreased metabolian 
as in the muscle. I cannot see 18 0 to 8 8 which of these 


The 3 in the respiration of different organs sali the see 


of lack of oxygen has been studied. The results and — are as 


follows: 


1. Whatever be the oxygen - pressure in the blood, 
gland uses always the same amount of oxygen so long as the blood 


brings the quantity of oxygen which it requires; even when the 0. 
pressure in the blood decreases to a very low value. 


From this it is concluded that in the normal gland there must be a 
considerable ox ygen-pressure, which can be bia a little under the oxygen- 


pressure in the vein. 


2. Skeletal muscle uses less oxygen if there is less in the blood. 


This means that the oxygen pressure in the muscle is either zero or 
very slight, It cannot be more than 19 mm. Hg. 


3. It was not possible to carry out a similar investigation on the 
heart and the kidney; both have special conditions which make a 


5 calculation of this kind impossible. 


4. The heart usually uses less oxygen than normally if the oxygen 
in the blood is diminished. But this result may be influenced by a 
change in the work of the heart. 


5. The kidney increases its oxygen-nee during lack of oxygen. 
This is probably caused by some stimulating intermediate metabolic 
substances. It may give us an explanation of a part of * increased 


O, use, which has been observed in high altitudes. 


This paper has been done under the special guidance of Mr J. Bar: 


oroft, to whom I am very much indebted for many kind suggestions 


and continuous device in methods and help in experiments. I want to 


thank also Prof. Langley for his kind permission to work in the 
Physiological Laboratory at Cambridge during the winter of 191112. 
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ON THE PRESENCE OF #-IMIDAZOLETHYLAMINE 
IN THE INTESTINAL WALL; WITH A METHOD 
OF ISOLATING A BACILLUS FROM THE ALIMEN- 
TARY CANAL WHICH CONVERTS HISTIDINE 
INTO THIS SUBSTANCE. By EDWARD MELLANBY 
Memorial Research Fellow), F. W. TWORT 
intondent of the Brown Institution, London University). | 


(vom the Physiological Laboratory of St Thomas's 
and the Brown Institution, University.) 


the base phodaced by splitting off 
dioxide from histidine, has recently become of great interest, in the first 
place, because of its potent physiological properties, and secondly, 
because of its peculiar distribution in nature. Barger and Dalew 
showed in their investigations on the physiological action of ergot that, 
; of the various substances isolated which cause contraction of the uterus, 
this histidine base is by far the mast powerful. Kutscher@, at the 
same time and independently, isolated a substance from ergot having 


chemical and physiological — almost identical with those of 


B- imidasolethylamine. 

A further point of interest is that Barger and Dale have 
isolated this substance from the mucous membrane of ox small 
intestine. They were led to make this investigation by the similarity 


in physiological action between B-imidazolethxlamine and the hypo- 


thetical substance called by Popielskio“ vaso-dilatin.” This substance 
was supposed to be accountable for the marked depressant effect 
produced by extracts of tissues, particularly extracts of the intestinal 
mucosa, when injected into animals. Such extracts also produce 
a characteristic contraction of the uterus, In consequence of the 
isolation of the base from the intestinal wall by Barger and Dale, it 
may be assumed that this substance is largely responsible for the 
physiological properties of extracts of the mucous membrane of the 
alimentary canal. 
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order to test the media for the presence of the histidine base we used 
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Barger and Dale do not account for the appearance of g̃- imidaol- 


-ethylamine in the intestinal mucous membrane and point to the 
probability that it is a normal product of the mucosa. On the other hand 


the possibility that it is present as a result of bacterial decomposition 


has always been prominent, particularly because Ackermann has 
been able to obtain large quantities of the base by allowing fluids 


containing histidine to undergo putrefaction. 
A short time ago we published work@ describing methods , for 


isolating creatin-destroying micro-organisms from the alimentary canal. 


We have extended the general principle of one of these methods to the 
present research. The general principle is as follows: in the first place 


the conditions are determined under which a mixture of intestinal — 
bacilli will carry out the definite chemical change required. When the 


bacilli producing the change are at their maximum growth relative to 


the remaining micro-organisms, sub- cultures are made on fresh media so 


constituted as to eliminate as far as possible the unsuitable micro- 
organisms and at the same time raise the percentage of the active 


bacilli. The mixed culture is if necessary carried through a series of 


media, some of which are simplified, while others contain additional 
substances. The chemical compound to be split up is present in all the 


media, for not only does it give the active micro-organisms a better 
chance to grow and survive, but without its presence in the medium it 
is impossible to know whether or not any micro-organisms producing the 
change are present. When, after repeated sub-culturing, a mixture is 
obtained which contains only a few varieties of micro-organisms and the 


desired bacillus in sufficient numbers, plate cultivations are made and 


the bacteria capable of effecting the — chemical action obtained in 


pure colonies. 
The details of the process that we used will now be described, In 


the method of Kehrer which consists of testing its action on the 
isolated uterus suspended in oxygenated Ringer's solution. We used 
the uterus of a virgin guinea-pig as recommended by Dale and Laid- 
law@. As pointed out by these workers the action of @-I. on the 


isolated uterus is most delicate, for a solution containing 1 in 5,000,000, | 
aa a rule, has a marked pressor effect. It is possible also by using such 

a physiological method to obtain a good idea of the amount of base 
present in the solution, by comparing its action with one of known 


If a minute quantity of feces be inoculated into tubes of medium 
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: consisting of ordinary peptone broth containing 1 % of histidine and 


incubated at 37° C. either wrobically or anzrobically, the histidine base 


ean be demonstrated to have been produced. From one such tube 
grown anaerobically for seven days we sub-cultured into fresh tubes of 
the same medium, and grew anwrobically at 37 C. and 45° C. 


The tube grown at 37° C. contained g- L after four days, but in that 


grown at 45°C. none of the base was produced. The chief interest of 


this observation is that it almost negatives the idea which we had held 
possible, that the bacillus we had already isolated from the intestine 
capable of destroying creatin, or an allied micro-organism, was also 
responsible for the production of B- imidaaolethylamine from histidine. 


The creatin-destroying: bacillus. belonged to the large gram positive 


group of anterobes and carried out its action very effectively at 45° C. 


In the histidine tube grown at 45°C. similar large bacilli were present 
in sufficient numbers to carry out any chemical change they might be 


capable of producing, and since none of the histidine base was produced 
even in fresh tubes containing meat to encourage growth of the 
anterobes we concluded that probably quite a different type was 


responsible for the production of the histidine base. 


The tube grown at 37° C. which contained the base was sub-cultured 


after five days’ incubation on to fresh tubes of the same medium and as 


before grown anzrobically at 37°C. This was the third generation of 
cultures and -I. was produced in three days. We now prepared a 


simple salt medium, using one of Naegeli's formule with the addition 
q W and having the subjoined constitution : : 


Water 100 grm. 
Ammonium Tartrate 
Di-potassium Phosphate Ot: 
Crystallised Magnesium Sulphate 002 „ 
Calcium, Chloride 5 001 „ 
Histidine 


nike of this medium was inoculated from our mixed culture of the 


third generation and the tube incubated anwrobically at 37°C. This 


tube of medium was markedly alkaline after five days and minute 


quantities caused tonic contraction of a guinea-pig’ 8 uterus, thus showing 


the presence of the base. Films from the culture showed only gram 
negative bacilli and streptococci, all the gram positive bacilli had been 


completely eliminated, and the fact that the histidine base was formed 


finally disproved the possibility that the large creatin-destroying bacillus 
or any allied micro-organism was respousible for the production of the 
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histidine base. On plating: out from this tube on ordinary agar we 


obtained colonies of two types of colon bacilli and a few colonies of 
_ streptococci: A number of ‘colonies of each were tested on tubes of 


Naegeli histidine medium and in all the cultures taken from one type 


of colon bacillus: the histidine was changed to §-imidazolethylamiue. 
‘The bacillus proved to belong to the typhoid-coli group and shows the 


following characters: it is a small bacillus with rounded ends, non- 
motile and gram negative. It will grow wrobically or anwrobically on 
the ordinary laboratory media. The optimum temperature is about 
37°C. The growth on gelatine, agar and broth is similar to that of 
bacillus coli. Milk is clotted, and no liquefaction of gelatine takes 
place. 


or 


The ba al ring leth 7 from histidine 


The histidine base has such marked ecbolic properties that it seemed | 
worth while to define the conditions under which the best yield could 5 


be produced by the bacillus. 
From the first we never had any difficulty in causing a 5 


283 of the base so long as we worked in test-tube quantities. 


en, however, we inoculated large volumes of the salt medium 


containing histidine, the destruction of the histidine was only partial. 


The explanation of this is that the salt medium can afford only a 


minimum of nutriment to the bacilli which are growing in it. 
_ Consequently the bacilli can only divide a limited number of times, and, 


as soon as they have used up any reserve material they may contain, 


multiplication and activity cease. In order, therefore, to get a large 
quantity of histidine base formed it is necessary a 
(1) To inoculate the solution with a most vigorously growing culture 


(2) To inooulate a corresponding large number of bacilli when large 


ie quantities of medium are used. 


As regards the first point, we made experiments to ascertain the 5 
best nutrient material on which to grow the bacilli, before inoculating 
into the salt-bistidine medium, so as to allow of a better and more rapid 


growth in the latter. We found that the best medium was ordinary 


slycerine-agar and that the culture should not be more than 24 hours 
old, 
"Another pit to be mento is tat the at gros 
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ol the attention which is being paid, at the present time, to the question 
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well on ordinary Ringer’s solution. Even in redistilled water to which 


bistidine has been added the bacillus grows well for a time, and large 
quantities of B. IT. are produced. The growth is not so good in distilled 


water as in Ringer’s solution. 


‘The production of the base is certainly greater if the histidine 


solution be more dilute. For instance we got larger yields of the base 
when 0˙1% or 05 % solutions of the histidine were inoculated with the 


bacillus than when we used a 1% solution of histidine in Ringer. 


Besides estimating the quantity of base present in a solution after 


bacterial action by its action on the isolated uterus, we prepared the 
dipicrate of the base by the ordinary method. The bacilli are filtered 
off through kieselgühr and the solution neutralised and evaporated to 


dryness. This residue is extracted with methyl alcohol which is in turn 
- evaporated off. The base is then crystallised es 5 
as the dipicrate. 


For a good yield of g- I. from histidine, it is well then 
(1) To use a 0˙1 % solution of histidine in Ringer's solution. The 


solution must not be acid before inoculation. 


(2) To inoculate with the special bacillus taken from a glycerine- 


agar medium of not more than 24 hours’ growth. The growth is washed 
off the surface of the medium with a little normal saline and inoculated 


into the histidine medium with a sterile pipette. By this means a small 
amount of nutriment from the agar is also inoculated into the medium. 


solution. 
a week's incubation. 


The of ety te of 
further experiments showed that, although the bacillus will grow quite 


well in an acid medium yet, under these circumstances, no B- imidazol- 
ethylamine is produced from histidine. This can be easily proved either 


by inoculating a slightly acid medium containing histidine or by adding 
glucose to the medium. In the latter case the acid produced by the 
action of the bacillus on the sugar also prevents the production of the 
base. When using a salt solution as a medium, this is especially 


important, as there is not in this case ee 
bodies as in the case of peptone broth. 


This question of acidity may have an important bearing, in view 
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of the production of harmful substances in the intestine by bacterial 
action. For if one may judge by the toxic effects following injection 
into animals, this histidine’ base might well be placed among the most 
nocuous constituents of the intestine and it is important to know 
the conditions under which it is not formed. Dale and Laidla wo 
describe the following symptoms following its injection into a cat. 
10 mgrs. injected intravenously cause immediate vomiting, purging, — 
salivation and laboured respiration with a subsequent period of collapse 
and slight narcosis, When injected into herbivora, particularly guinea- 
pigs, the most prominent feature is its effect on the bronchial plain 
muscle which may result in death by asphyxia. Injected into a 
pregnant cat, this base caused it to abort but the young were born 
dead. We injected some of the base into a pregnant rabbit under an 
antesthetic and the powerful effect of the drug in producing uterine 
contractions was very obvious, but these contractions were — 
and did not appear to have much expulsive effect. : 
It is evident that the toxic symptoms produced by the 8 

together with its presence in the alimentary tract, must bring it under 
consideration as a possible cause of pathological conditions. It is 

_ probable that, under normal conditions, the liver can deal adequately — 
with B- imidazolethylamine, as it can with the amines of tyrosine and 
tryptophane, and render it innocuous, but if this defensive mechanism 
of the liver breaks down for any reason then many toxic symptoms will, 
no ‘doubt, follow. For instance, one of us (E. M.) has elsewhere) 


suggested that the condition of cyclic vomiting in children may be due 


to the excessive accumulation of. such substances as f. imidazolethyl- 
amine in the intestine, causing, from time to time, an exacerbation of 


symptoms. In any case a fact which would appear to point to a means 


of lessening the formation of this — in the ee canal 
is worth consideration. 

This base then is not produced in an sald medium, and this fact 
is additional support to the medical treatment, as advocated by 
Metchnikoff, involving the injection of lactic acid producing bacilli. 
It is necessary, however, to point out that the colon bacillus responsible 
for the production of the toxic product is not killed by the acidity of a 
medium, but its energies are only directed along other lines, so that, as 
soon as an alkaline reaction the of — 
continues. 
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The serous coats of the alimentary canals of a cat and a guinea-pig 
immediately after being killed were sterilised’ by heat, at different 
positions, and tubes of histidine in Ringer's solution were inoculated 
with minute quantities of the intestinal contents taken at the various 
points down the intestines. In the case of the guinea-pig, even above 
the duodeno-jejunal flexure there was a bacillus capable of producing the 
histidine base, as well as lower down in the intestine. In the case of the 
cat no evidence of production of the base was obvious until the ileo-cascal 
valve was reached. The positive results in these experiments are of value, 

but the negative results obtained with the cultures taken high up in the 
cat's intestine do not prove that the special bacillus investigated was 
absent at these points. More careful experiments would be required to 
eliminate the possibility of the histidine-destroying bacillus being over- 
run and killed by other bacilli. __ N 

In the alimentary canal of a guinea-pig, at least, and probably in 
that of most mammals, the bacillus capable of producing g- I. from 

histidine is present from the duodenum downwards. It is legitimate, 
therefore, to assume that the presence of the histidine base, described 

by Barger and Dale, is due to bacterial n going on in che 
intestine. 

The substance 8-imidazolethylamine, the base produced by removing 
carbon dioxide from histidine, and the most active principle in ergot 
affecting the uterus, seems to owe its presence, in extracts of intestinal 
mucous membrane, to bacterial action for | 
5) By extending a method which we recently described for isolating 
- creatin-destroying bacilli from the intestine, we have been able to isolate 

a bacillus of the colon group capable of producing 8-imidazolethylamine 
from histidine. 
(2) The base is produced by inoculating Ringer's solution contain- 
ing histidine with the bacillus. Conditions are —— for the best 
production of this substance. 

(3) The significance of the effect of acidity on the production of the 
intestine, is discussed. 


(4). In the guinea-pig, at least, the bacillus seems to inhabit the 
intestine from the duodenum downwards. 
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ON THE “HEAT COAGULATION” OF PROTEINS. 


PART III. THE INFLUENCE OF ALKALI UPON 
REACTION VELOCITY. By HARRIETTE CHICK, 
D. Sc., Assistant, Lister Institute of Preventive Medicine; AND 
C. J. MARTIN, MB, DSc. F. RS., Director Lister 
Institute of Preventive Medicine. 


We have pointed out in the papers we is previously published upon 


the subject ( and ) that the “heat coagulation” of proteins as 
ordinarily observed consists of two distinct processes (1) “denatura- 


tion,“ or the reaction between protein and hot water, and (2) agglu- 


tination, or the separation of the altered protein in a particulate 
form. 

In our previous work we investigated the first process using solutions 
of pure hemoglobin and egg-albumen containing a small proportion of 
ammonium sulphate (0°3°/, to 0°4°/,) and possessing different slight 


degrees of acidity. In these cases agglutination occurred at a rate very 


greatly in excess of denaturation ; the latter process thus became the 


limiting factor in the complete reaction and the reaction-rate could 


therefore be studied without complication. The reaction velocity of 


- denaturation was found to be increased with the amount of free acid 
present. Since the latter was decreased continuously with the gradual 


precipitation of the protein, the course of the reaction departed from 


that followed by a reaction of the first order” to which type it con- 
: formed if means were taken to maintain constant . during the 5 


process (, p. 5). 


In the present . we have studied heat 3 in 
the presence of free alkali. 
The material used was again . egg · albumen from which 


the ammonium sulphate had been removed by dialysis. Solutions 


1 We have adopted the word denaturation” as an English equivalent of Denaturie- 
of proteins by hot water. ‘ 
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were made, all containing 1 ¼ protein and various concentrations of free 
alkali, by addition of a standard solution of sodium hydroxide. A 
control experiment was made with the solution in its normal reaction, 


which was slightly acid (hydrogen-ion concentration equal to 10 a 


normal). The method of experiment was similar to that described in 
our first paper (0), p. 407), viz. :—estimation of the residual protein at 
successive intervals of time. In this case, however, the conditions 
obtaining in the solution were such as prevented the agglutination of the 
denaturated protein. It was therefore necessary to adjust the reaction 


and salt-content of the cooled samples (see below) so that the altered | 


protein should be precipitated. The temperature selected was 64°5° C.; 5 
all the solutions were warmed to 20°C. before placing in the thermostat 
and eight minutes interval was allowed for the tube and contents to 
attain the required temperature, before the first sample was removed. 
The samples were quite unchanged in appearance but, on acidifying, 
more or less precipitation occurred according to the time during which 
the solution had been heated. ae 
It has been shown that for satisfactory precipitation of heated 
proteins a definite, slightly acid, reaction is necessary. The optimum 
acidity for agglutination of denaturated egg-white was found by 
Sörensen and Jürgensen to be 2x10-*. normal and that of 
denaturated serum-proteins was previously found by Michaelis and 
Rona@ to be 03 x 10-* normal, and to coincide with the iso-electric 
point of the proteins. In the presence of electrolytes these conditions — 
may become very much modified. We have found, for example, that 
at 69 C. denaturated, pure egg-albumen in the presence of a small 
concentration of ammonium sulphate agglutinated over a range of 
hydrogen-ion concentration extending from 10 (2˙5 x 10 normal | 
to 107 (004 x 100 normal (o pp. 421 and 423). 
In order to bring about agglutination the following procedure was 
_ adopted: the samples were acidified by the addition of 1/10th normal 
acetic acid in slight excess of the amount of alkali originally added, and 
enough pure sodium chloride was then added to saturate! the solution. 
After standing for 24 hours, the coagulum on ‘boiling was determined in 
a measured volume of the filtrate. In calculating the concentration of 
unaltered albumen in the original sample, due allowance was made for 
dilution of the protein-content by addition of acetic acid and saturation 
1 ‘This was found to be a useful method of securing complete precipitation of dénatur- | 


for agglutination, 
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with sodium chloride. In the control (Exp. 1, Table I) agglutination 
occurred naturally, but the samples were nevertheless saturated we 
sodium chloride for the sake of uniformity. 


The “alkalinity” of the various solutions was also investigated. 


Direct determinations of the hydrogen-ion concentration were made 


electrically, using the apparatus recommended by Michaelis and Rona@, 
which we have found to be specially suitable for small quantities of 
liquid, -In their method the hydrogen electrodes are maintained in a 


8 I 
: + re) 
* 
* 
* 


(I) In original (faintly acid) reaction. 
( After addition of G0 un. N/10 NaOH per gram protein. 


* 55 10-0 55 
= time in minutes. 


still atmosphere of hydrogen, and 8 is attained almost 8 
taneously’ if the electrodes are dipped into their respective solutions 
to a depth of 1 to 2 mm. only, Contact between the standard cell 
. 4 It is necessary to make a reading as soon as possible after completing the circuit, 
because with the use of concentrated potassium chloride in the contact thread there is a 
tendency for fluid to soak up into the thread from either cell and dilute the salt; a contact 
potential is thereby developed and the electromotive force in the cirouit falls. 
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potassium chloride (3°5 normal). The contact potential was found 


measured was comparatively large (usually more than 0°5 volt) no 


TABLE I. Coagulation of dialysed crystalline egg-albwmen, 1.03% solution, 


cal J 


acid in case of experiments 2 and 8. 3 


containing 1/10th normal HCI and that containing the solution under 
investigation was made by means of a concentrated solution of 


to be nearly obliterated by this means and as the electromotive force 


correction was applied. Concentration of hydroxyl-ions was calculated 
from the hydrogen-ion concentration thus determined, taking the dis- 
sociation constant of water to be equal to 10% (Sörensen @, p. 161). 
The results of the experiments are given in Table I, and graphically — 
expressed i in me 1. In Exp. 2, where the reaction was on the alkaline 


at 64°5° O., V 
amount of sodium hdromide to make the solution alkaline tw reaction. , 


111 45 uf 


o control 10-30 10 normal 
(124 x 10-7 normal) 
9°61 


* 
— 


* 88 4 486 
10 normal 
88 „ 107 normal 


2 60 O- eontrol 10•50 10-4 normal 10% norma! 14˙72 


BS 
83 


4 10-"4normal 10-8 normal 
(9°6 x 10-4 normal) - 


7 Dissociation constant of water being taken as 10-10%, 
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of the neutral’ point (hydroxyl- ion concentration equal to 10 
vorwal), denaturation proceeded so slowly at 645°C, that aftér more 
than 24 hours had elapsed, only 30% of the total protein was altered 
by heat. On addition of more alkali (Exp. 3, hydroxyl-ion concentration 
equal to 10 normal) the denaturation-rate liad increased sb as to be | 
comparable with that in the original, slightly acid, solution (Exp. 1 

The progress of the reaction in alkaline solutions conforms to no 
simple law. The reaction-velocity does not remain proportional to the 
concentration of residual protein, but departs more and more from the 
theoretical value as the experiment proceeds: This is due to the pro- 
gressive diminution in alkalinity (see Exp. 2) which is taking place in the 
solution at the same time. This change in reaction is exactly: com- 
parable with the progressive diminution of acidity during’ coagulation 
in acid solutions (see 1, and our previous paper, 0 Tables III and 
p. 8). 

The denaturation process alkalinity is constant. 
A0 was made to keep “alkalinity” constant during the process 
of denaturation by means of the presence of excess of solid 
magnesium oxide, a saturated solution of which possesses a hydroxyl- 
ion concentration of about 10- normal. A solution of pure egg 
albumen, containing about 0°5°/, ammonium sulphate, was shaken up 
with excess of magnesium oxide and left for 24 hours. The solution 
was gradually warmed up to 60°C., so that loss of equilibrium owing 


to changed solubility of magnesium oxide at the higher temperature: 


might be avoided, and then placed in the thermostat at 65° C., at which 
temperature denaturation proceeded at a convenient rate. The initial 
concentration of egg-albumen was about 0°9°/, and the residual ~— 
: after the various intervals of time was determined i in the onal: way. 
“TABLE n. in pres of 
excess of magnesium owide at O. 


80 3 — * Ka 
105 normal Can 10-* normal) 
(812 7°100 851 (46 10-* norma) 
1880 9880 500 00026 


tion hydroxyl-ions constant and was 
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reduced during the experiment to 70 °/, of its original value (see Table 
Ti). This reduction is small compared with what occurred in the 
other experiments in which no such precautions were taken (Table I). 
Having nearly maintained’ constancy in hydroxyl-ion concentration 
denaturation proceeded in fair agreement with the unimolecular law, 
and the velocity — K reasonably 
constant in value. 
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It was found that in the presence of magnesium ‘oxide the de- & 
ee protein was almost completely agglutinated in the alkaline a 


solution and little further was precipitated on acidification This is to 

de nscribed to the influence of the strongly electro-positive Mg** 
the negatively charged protein particles. 

Influence of hydrowyl-ton concentration upon denaturation 

Sines no direct comparison of velocity constants was possible in the case 

of Exps. 1, 2 and 3 (Table I), the rates of denaturation were compared by 

considering the times taken in the different instances for denaturation of 

exactly similar proportions of the original egg-albumen present: This 

was done by means of the curves in Fig. 1, and the numbers obtained are 

given in the last column of Table I. Unfortunately it was only possible 

to institute a com parison over a small portion of the curves, because of 

the slow rate in Exp. 2, but the figures obtained are very striking. 

Increase of original alkalinity from a concentration of hydroxyl-ions . 

to 10 to 10 was accompanied by: an increase in 
5 denataration-rate of over a hundredfold. | q 


* 2 4 1 

An 


In a previous paper we showed (u, Tables V and v1 pp. 419 5 4 
ee 421) that at 69° C. coagulation-rate progressively decreased as the — 
— original acidity (hydrogen-ion concentration equal to 10 normal) 
| was neuttalised by addition of ammonia... These experiments were 
carried to the neighbourhood of the neutral point (hydrogen-ion con- 
centration equal to 10-7 normal), but before chis was reached tbe 
changes in reaction-velocity became less marked, the absolute di. 
ferences in hydrogen-ion concentration being also inconsiderable when 
compared with those existing between the more acid solutions. It 
would therefore appear that in the neighbourhood of the neutral point 
change in hydrogen- or bydroxyl. ion concentration is less effective i in 


There are the of acid and alkali 
effect of hot water upon protein bodies which offer an analogy with what. 
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we have found to obtain in the case of egg-albumen. Famulener and 
Madsen showed that the destruction by hot water of the activity of 


_ the antigens, vibriolysin, tetanolysin, and goat-serum ‘hemolysin, pro- 
_ ceeded as a reaction of the first order, that the reaction-velocity was 


at a minimum when the solution was neutral in reaction and was greatly 


and: progressively increased on addition of either acid or alkali: 
Streng@ showed that the rate of destruction by hot water of “coli- 
agglutinin” was greatly increased by addition of alkali. He aleo 
showed that while in some cases the reaction conformed to the “ mono- 
molecular type,” in many others, including those solutions to which 


_ alkali had been added (p. 96), the reaction-velocity during the progress 


of the reaction became progressively lower than the value it should 


bave maintained if it had remained proportional to the concentration of 


unchanged agglutinin. We have shown (w, p. 408) that the coagulation 
of crystalline oxyhamoglobin by hot water proceeds as a reaction of the 
first order, and Hartridgew@, who has confirmed our results with 


oxybesmoglobin and has shown the same to be true for alkaline methw: 
moglobin, finds that in the latter case the reaction-rate greatly exceeds _ 


that of hemoglobin at the same temperature. One of us (H. Gunĩ) | 
showed that the death-rate of a suspension “of bacteria in” hot water, 
which also proceeds as a reaction of the unimolecular type, was 
accelerated to a surprising extent by the addition of small quantities 
of either acid or T alkali: to the — water in which they were 


Famulener on Madsen regarded the above accelerating effect 


| of acids and alkalies as an example of catalysis. We should prefer 


to explain it as due to a difference in properties exhibited by protein 
according to whether it exists alone or in combination with acid or 


alkali as a salt. We are of opinion that the protein salts’ are de- 


naturated at a greater rate than the amphoteric protein at the same 


temperature, and that the rate of denaturation depends upon the 
degree of salt formation which has taken place. 


There are a number of observations suggesting’ that protein salts 
have a greater attraction for water than electrically neutral proteins. 


Pauli and Handovskyan and Schorr» have shown that proteins are 


less readily precipitated by alcohol from their solutions after addition 


of acids or alkalies.” Solutions of protein salts have also a greater 


viscosity than unionised protein. The same observation was made 
by Laqusur and Sackurdn in case of casein. Fischera 
Seo Table XXVI, p. 276. In Hp. 1, for 
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demonstrated the increased imbibition of water by gelatine, muscle and 
other protein bodies if acid or alkali be added to the solution in Which 
the protein fragments are placed. How far this is due to the electrical . 


charge borne by the protein: particles in this condition is difficult to 
say. Chiarias has recently come to the conclusion, from experiments 


with gelatine, that the minimum imbibition of water takes place in 
fluids whose reaction (hydrogen-ion concentration equal to 2 * 10° 


normal) coincides with the iso-electric point of the protein. 
The increased reaction-velocity of protein denaturation on addition 
of acids and alkalies falls into line with these observations, We may 


suppose the protein salt to be in more intimate association with the 


water which is known to be necessary for the denaturation-change. 

The addition of neutral salts to acid or alkaline solutions of proteins 
has been shown to produce an analogous antagonistic effect in all the 
above instances. Precipitability by alcohol is restored, viscosity is 


lowered (Pauli and Handovsky and Schorr, Loc. cit.), imbibition of 
water is reduced (Fischer, Chiari), and the reaction-velocity of 
denaturation in acid solution has also been 


SUMMARY AND CONCLUSIONS. 


of egg · albumen i in nikaline is 
to be increased with increasing concentration of hydroxyl-ions exactly 
ada was previously shown to be the case with increase of hydrogen- 


ion concentration in acid solution, 


2. . Continuous removal of bydroxyl-ions as denaturation proceeda | 
takes place in alkaline solution, just as in acid solution we found 


hydrogen-ion concentration to diminish, 


3. If precautions are taken to keep the concentration of . : a | 
ons constant during the process, denaturation proceeds as a reaction of 


the first order (as was also shown in the case of acid). If no. such 
device is employed, denaturation-rate does not remain proportional to 
the concentration of unchanged albumen, but departs farther and 


farther from this value owing to the progressive fall in “alkalinity.” 


4. The influence of acids and alkalies on denaturation-rate is 
compared with their effect on the viscosity and precipitability by 


alcohol. of protein solutions and upon the imbibition of water by 
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NEw VISUAL ‘PHENOMENA. By F. W. EDRIDGE- 5 
GREEN, MD, FRCS, Beit Memorial Ressarch Fellow. 


(From the of Physiology, University College, 


of thoes in thi Journal, 368 and 498 
The figures referred to are those in the first paper. 


eyes must be carefully covered with the hands for several minutes 
whilst the right eye is directed forwards so that when the hand is 
removed a small triangular piece of white paper on a large sheet of 
black paper is visible. The small piece of white paper should be 
illuminated by the sun. On removing the hand and then immediately 
replacing it so that the piece of paper is visible for the shortest possible 
period of time, a triangular positive after-image of the paper is seen; 
this first appears a dazzling white then becomes violet which gradually 
becomes more and more purple and then fades away without becoming 
negative, and lasting for a period of from 8 to 12 seconds. On letting 
light through the lids the image is seen as dark (negative). 

If, when the after-image has existed for two seconds and 8 
particular note has been taken that there is no other aſter- image in the 
field of vision, a sharp quick jerk be given to the head, down and up, 
the after - image will apparently move upwards in the field of vision. It 
will no longer be triangular but appear as an irregular circle with — 
_ portions detached. If now the fingers be moved very carefully so that 
a certain amount of light enters the eye through the lids a clear out 
triangular image will be seen in the field of vision in the original 
position df the after-image and below its secondary position. The image 


appears as a dark triangular portion on the reddish-yellow field formed 


by the light through the eye-lids. Whilst the positive after-image has 
moved the negative after-image is found in the original position. 

2. Two negative after-images from one light stimulus, If the above 
mentioned experiment be repeated and the positive after-image be 
allowed to remain in its secondary position for two seconds before 
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VISUAL’ PHENOMENA. 
allowing light through the ‘eye-lids two negative 8 will then 


be seen, one triangular in form and very faint corresponding to the 


primary position of the after-image and one much darker and irregular 


in shape corresponding to the secondary position of the after-image. 


3. Blending of positive after-images, If on awaking, one eye (the 
other being covered) be directed towards three windows in a line and 
separated by portions of wall and the eye be immediately closed and 
covered with the hand and after one or two sécends the head be shaken 
from side to side the light parts of the after-image will blend into one 


uniform rectangle of light the dark parts disappearing. On allowing 


light to enter through the eye-lids a negative after-image of the 


_ windows is seen in the original position occupied by the positive after- 
image. If however the head be immediately shaken after the p ee 


of the positive after-image the negative after-image only appears as an 
ill-defined darkened portion corresponding to the blended aſter - images. 
4. Subjective. effects of distributed photo-chemical material. If 
a positive after-image be obtained for one eye and the light immediately 
excluded, on shaking the head the after-image is apparently distributed 
over the retina. I have then found that four definite subjective 
appearances may be seen, though it is rare to see more than one of these 


at the same time. 

The star figure or portions of it (of Fig. 7). 
the centre is seen the whirling in this portion which I have previously 
deseribed is very ‘noticeable. 


4 wide-meshed network of bright lines. : 
b. Cone figure (cf. Fig. 4). The appearance corresponds to the 


| outer aspect of the cones of the retina, that is to say numerous bright 
points in the centre and rather larger circles ee by wider 
intervals, externally’. 


appear as if covered by small squares alternately light and dark like 


a chess board; these squares in the centre are very small, not much larger 
than the points just described, only they appear square instead of circular, 
d. Brush figure: A number of short bright lines all over the 


visual field may be seen. These lines have a length about six times 

their diameter. All are pointed forwards like a brush viewed from the 
bristle side, the lines are not. however parallel to each other except in 
different regions of the visual field. en 
— angles in different regions. 


Wie! rd light in used, the point ae all bright 
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5. Afterimage of inosaic of red aud blue squares on a white 
pats If a mosaic of pieces of red and blue cardboard of about a 
‘centimetre square be pasted on a white ground and then a positive 
after-image be obtained in the usual way, it will be noticed that the 
positive red after-image disappears much more quickly than the blue. 
The colours also disappear more rapidly than the light effects: the 
mosaic being surrounded by white appears as a positive after-image 
dark on a white ground long after the colours have disappeared. No 
detail is seen in the mosaic only a uniform dark rectangle. In this 
method the period of light stimulation being as short as possible it is 
difficult even if bright sunlight be used to obtain a complementary — 
coloured after-image. The after-image of the whole including the white 
surround often becomes purple. This is particularly noticeable. when 
the eye has been covered with the hand for a little longer than 1 ee 
before making the experiment. | 
When a spectrum on a screen is made eee e it vill 
be noticed that the colours do not all vanish at once. The red dis- =~ 
appears before the blue. This explains the fluttering heart illusion. : 
When a mosaic similar to that mentioned above is moved from side to 
side in a bright light, preferably sunlight, the blue appears to slide over 
the red. This is explained by the fact that the blue positive after - image 
is more persistent than the red. There is another illusion in connection 
with this mosaic which I have not seen previously mentioned. When the 
mosaic has been moved from side to side two or tliree times, the whole 
of each line formed by the red and blue squares appears as if tilted 
forwards at an angle of about 30°. It appears as if we were looking at 
a series of troughs, each formed by a line of blue and red — 
instead of a plane surface, 

6. Negative after-image. retains its shape and does not move, lt 

a negative after-image of a coloured light, eg. red, be obtained in a dark 
room the blue-green after-image moves with the eye but does not 

pre its relative position in the field of vision. On shaking the head 

it disappears but on keeping still it reappears by degrees at exactly — 

the same point and is of exactly nen, 85 

without changing colour. 

Star figure in of spectral. ved. When nogative 
shonin of spectral red has been obtained the star figure in red. 
(ef. Fig. 7) is often seen in the centre of the blue · green e eller 
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size and intensity be viewed peripherally it will be found that it will 
be seen as red to the extreme periphery of the field of vision and the 
red is exactly the same quality over the whole retina: I find the 
same after an hour's dark adaptation. A small point of pure red is 
seen as white even with the foveal region. This point —* us a 
brighter white when it falls on the para-foveal region. 


9. Purkinje phenomenon in the centre of the field of vision. A 


3 hole of about 2 cms. (in diameter) is made in a door between two dark 


rooms; the hole is filled with two glasses one red and one blue placed 
one above the other so that: half is red and half blue, the red being 
decidedly in ordinary conditions the brighter of the two; a lamp with 
an obscured glass movable on a bench is arranged isla behind 
the two glasses. When the lamp is close to the glasses the ted is 
decidedly brighter than the blue in all positions of the eye. When the 
lamp is moved a certain distance away from the glasses it will be 
noticed that, whilst the red is the brighter of the two when the image 
falls on the fovea on moving the eye so that the image falls peripherally 
the red is seen very dark or black and the blue is seen as a bright 
white light. On moving the lamp still further away it will be noticed 
that the blue will be seen the brighter of the two even with the fovea. 
This experiment reconciles the statements of those who declare that 
the Purkinje phenomenon’ is to be found in the fovea with those who 
declare that it is to be found in the periphery and not in the foves; : 
results depend on the intensity of the light employed. 7 

10. Recurrent image in foveal region. A series of small electric 
lights should be arranged in a straight line in a dimly lighted room and 
the observer be situated at such a distance that the image of the centre 
light falls upon the foveal regions of his retinas. On closing one eye 
and covering that eye with the hand the centre light is carefully ob- 
served whilst another person turns out all the lights simultaneously; 
these are allowed to be visible for about a second. Four definite 
stages will be noticed, that is to say, 1. Continuation of the sensation. 
2. Period of darkness. 3. The recurrent image. 4. Period of darkness 
(negative after-image).in which the details of the objects such as the 
outline of the filament can be noticed. In the second stage both the 
light and the dark parts of the object appear dark and no details are 
observable. It will be seen that the recurrent image is more marked 

in the foveal region than anywhere else, in fact, it might be missed in 
3 

of light and dark ee | 
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any other part. The above phenomenon can be seen very easily with 
the electric advertising signs which are so common and in which a 
number of illuminated letters appear and disappear at short intervals. 

11. Red spot in field of vision. When in darkness with the hands 
over the eyes I often see a small circular red spot in the centre of the 
field of vision. When the attention: is 8185 — * it en ont * 


ConcLusions, 


er externally to the sensitive elements which respond to the 


stimulus, and is therefore in the liquid which surrounds the cones. The 
facts support the theory of Fechner as to after-images, namely that the 
positive after-image is due to a persisting excitation of the retina and 
the negative after-image is due to a diminution of excitability... These 
facts show that the photo-chemical excitants for all colours must be 
contained in the photo-chemical liquid, as an after-image of any colour 
can change its place f in the retina. These facts whilst strongly support- 
ing my theory of vision which assumes that the photo-chemical liquid 
is sensitised by the visual purple flowing into it does not of course 
exclude the possibility that other cells, as for instance the pigment cells, 
may contribute some important constituent to the fluid. There is 
_ however no evidence of this and all the ‘facts can be explained on the 
assumption that the visual purple is the sole visual substance. 
Whereas the cone figure exactly corresponds to the microscopic 
appearance of the outer aspect of the cones if all the portions occupied 
buy rods were represented by dark spots, I have seen nothing and know 
of no fact pointing to the view that the rods are percipient elements. 
Therefore I would suggest that the view that vision takes place through _ 
stimulation of the ends of the cones by photo-chemical decomposition _ 


of the liquid surrounding them, sensitised by the visual purple, and 


that the rods are only concerned with the visual purple and are not 
percipient elements, be accepted as a working 
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run PREPARATION FROM YEAST. ‘AND 
FOODSTUFFS OF THE SUBSTANCE THE DR 


FICIENCY OF WHICH IN DIET OCCASIONS 
POLYNEURITIS IN BIRDS. By OASIMIR FUNK 


Tas has been isolated«) in to. be pare 
condition from rice-polishings. It crystallises in colourless needles which 
melt at 233° and the results of the single analysis, which the amount of 
material at my disposal permitted, indicated the formula Cy HN, Or. 
The administration of this substance (about 0°02 grm.) to pigeons 
suffering from polyneuritis effected a rapid cure. The small yield 
obtained did not however allow of many such curing experiments being 
performed and as the substance was not recrystallised, doubts about its 
purity might be entertained. A confirmation of these facts was there- 
ſore absolutely necessary and in the first instance yeast which is known 
to Be curative was chosen as the source of the material since it promised 
to give a better yield than rice-polishings. It was of great interest to 

see whether yeast contained the same substance as rice-polishings or 
only an analogous compound. The = obtained did not however come 
"P to expectation. 

In spite of the facts that a few grams of pressed yeast are anfficient 
to. cure a pigeon suffering from polyneuritis and, as Eykman recently 
showed, the curative substance can be extracted by means of alcohol, 
the yield was even smaller than in the case of rice-polishings. Before 
Eykman’s paper appeared the author tried to extract yeast with 

alcohol but only a small part of the active substance could thus be 
removed. The bulk of the substance remained in the yeast, even when 
the latter was boiled with alcohol for several hours. This suggeste that 
che substance is to a great extent present in the yeast in a combined 
state. Schaumannw in a recent publication has confirmed the results 
previously published by the author, but 3 that besides the curative 
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substance another substance is required. He founds this opinion upon 
the ground that the yield of curative substance obtained from yeast 
or rice-polishings compared with the quantity of original yeast or 
polishings necessary for cure is so exceedingly small. As just stated 
however the extraction is far from being complete, and during the 
fractionation the yield of the curative substance becomes smaller and 

The yeast was worked up by the two following different methods. 
In the first case the alcoholic extract was simply evaporated and the 
residue hydrolysed with sulphuric acid, the solution being then treated 
as in the case of rice-polishingsw. By precipitating first with phospho- 
tungstic acid and then with silver nitrate and baryta, half a gram of, the 
curative substance was obtained. 

In the second case the alcoholic extract of yeast after evaporation — 
was extracted with water. On precipitation with silver nitrate and 
baryta however only a minute quantity of the curative substance 
could be detected. The filtrate from the silver precipitate contained 
the bulk of it and it was necessary to hydrolyse this with acid before the 
precipitation could be effected. The resulting fraction unfortunately 
contained all the pyramidine bases which are known to be constituents 
of yeast nucleic acid and of: these uracil and thymine could be isolated 
in a pure state. From this mixture it was found that the reagents _ 
ordinarily employed for the separation of the curative substance also 
precipitated more or less of the pyramidine bases. Aſter a long and 
troublesome fractionation however a small quantity of the pure curative _ 
substance was obtained which showed the characteristic properties. 
A large number of cures was effected on pigeons and there can be no 
doubt that this substance is the sole curative agent, the dose —T 
being 2—4 egr., smaller doses were not tried. 

Nature and mode of combination of the curative substance, In 
the first place it is necessary to correct the previous statement that the 
curative substance was isolated in form of a nitrate. This is not the 
case, the substance which was analysed having been found to be the free 
base. In the meantimew I have suggested the name vitamins for it as 
being one of those nitrogenous substances, minute quantities of which 
are essential in the diet of birds, man and some other animals. The 
- curative substance must be regarded as a base, probably belonging to 
the pyramidine group. The aqueous solution is of neutral reaction and 
does not react with acids, By boiling with copper oxide no copper salt 
is formed and therefore it is not an aminoacid. Reorystallised from 
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ACTIVE SUBSTANCE OF RIOE-POLISHINGS. 


dilate sleohol the substance. melte at 238°, at’ the same temperature as 


the curative substance from rice. It gives the same reactions and both 


: substances must therefore be considered as identical. It is precipitated 


in a pure state by mercuric acetate as well as by silver nitrate, but not 
by mercuric sulphate or nitrate, 


All these properties suggest that the curative substance is a 


5 pyramidine base, analogous to uracil and thymine and that it probably 


is a constituent of nucleic acid. Ou this view the two —— — : 


be combined as in other 0 bases to form a ureid. 


— 
On @ constitution of this kind would explain the neutral reaction 


of the substance and the great analogy to the other pyramidine bases, 
The curative substance was also isolated by analogous methods from 


milk (this fact being very important for our knowledge of infantile 


scurvy) and brain. Everything suggests that in all these cases the 
curative substance is identically the same. Further, a substance curing 
avian polyneuritis was found in sere and is at = more 


EXPERIMENTAL. 
| Investigation of yet. 
— yeast followed by hydrolysis of the aetract, 75 kg. 


3 of air-dried and pulverised yeast were extracted in portions of 2} kg. 


each with 4 litres alcohol on the shaking machine for 2 hours. The 


yeast was then filtered off and the filtrate evaporated in vacuo. The 
residue, corresponding to 124 kg. of yeast in each case, was hydrolysed — 


with 1 litre: of 10 % sulphuric acid for 5 hours. The fatty acids were 
filtered off and the filtrate diluted with water to obtain a 5 % solution 
of sulphuric acid, and precipitated with phosphotungstic acid. In this 
way 927 grm. of dry phosphotungstate were obtained from 75 kg. of 


yeast. The precipitate was decomposed with 2500 grm. of baryta in the 


usual way. In the filtrate the excess of baryta was eliminated carefully 


with sulphuric acid and the filtrate, after neutralisation with nitric acid, 


was evaporated in vacuo to a volume of 1 litre. To the liquid a silver 


_ nitrate solution was added until a drop gave with a cold solution of 
_ baryta a brown precipitate of Ag, O. A bulky precipitate, consisting of 
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baryta was added until a drop of the solution gave with silver nitrate 


and ammonia ouly a trace of a white precipitate. The precipitate thus 
formed was filtered off, thoroughly washed with water and decomposed 
with H,S. From the filtrate the last traces of baryta were eliminated 
carefully with a very dilute solution of sulphuric acid. Alcohol was 
added and the solution evaporated in a vacuum desiccator, 0°6 grm. of a 


crystalline substance being obtained which was recrystallised from hot 
dilute alcohol. On cooling 0°45 grm. of colourless needles separated 


which melted after drying at 233°, the same melting point as that of 


the substance from rice-polishings. The substance was precipitated by — 
mercuri¢ acetate but not by mercuric nitrate and sulphate. When its 

solution was boiled with cupric oxide no copper salt was formed. 
The substance gives no precipitate with nitron and cannot therefore be 


a nitrate. Seven pigeons were cured with this substance, 2-4 egr. being 

employed, ‘The filtrate from the silver nitrate precipitate, freed from 
silver and baryta, was ineffective in curing pigeons, 

Retraction of yeast followed by exhaustion of the extract with water. 


The alcoholic extract from the secoud lot of yeast (100 kg.), obtained 


as above, was extracted on a water bath with water, filtered and the 
aqueous solution precipitated with phosphotungstic acid in 5°/, sulphuric 
acid solution. In this way 2800 grm. of a dry phosphotungstate were 
obtained which were decomposed with 5500 grm. of baryta. The filtrate 


freed from an excess of baryta, was neutralised with HNO, and 


evaporated in vacuo. The residue was precipitated with silver nitrate 
in the manner previously described, and the fraction obtained with 
AgNO, and baryta decomposed, alcohol added and the solution evaporated 
in a vacuum desiccator. In a few days 2˙1 grm. of crystals separated 


which presented however a different appearance from the substance — 
previously obtained and which were less soluble and could therefore be 
recrystallised from water, 1‘8 grm. of substance were obtained on 
cooling which crystallised in form of rosettes. The substance, — : 


bey at 110° in vacuo, melted at 330° (corr. 
1507 substance gave 489 CO, and 0238 H, O; O: 43:09; H: $60. 
2054 (by Kjeldahl's method) required 36°4.c.c. N/10 1.80. N: 2481, 
These figures correspond to uracil 
U products of the yeast nucleic acid. 
Caleulated for O. H. N, O,; C4282; H: 3·59; N: 52506 
The filtrate from the uracil was hydrolysed with 5 */,sulpburic acid for 
PPP 


4 


5 

y 
q 
| 
ig 
Pag 

Bal, 

— 

. 
* 
4 
| 

| 
| 

tad 

. 

5 

2 

* 

** 
i, 
Ds: 


— 


ACTIVE SUBSTANCE OF RICE-POLISHINGS. 70 


substance is not, mercuric nitrate was added and 248 grm. of dried 


mercury salt were obtained. In both precipitate and filtrate from the 
precipitation _— Hg(NO,), only traces of the curative substance ont 
be detected. 
Although case of the 
hydrolysed extract the silver nitrate filtrate was found to be completely 
inactive, this filtrate in the second case was found to be strongly active. 
It was thought therefore that the curative substance being in com- 
bination did not come down with silver nitrate. The filtrate freed from 
silver and baryta was precipitated again with phosphotungstic acid. In 
this way 820 grm. of precipitate were obtained which were decomposed — 
with 2000 grm. of baryta. The filtrate was made up to 5 ½ sulphuric — 
acid and liydrolysed for ö hours, After a careful elimination of sulphuric 
acid the liquid was concentrated in vacuo to about 200 cc. and 


re precipitated with mercuric sulphate. After standing for 24 hours the 


liquid was filtered off, the precipitate well washed and decomposed with 
HS. The filtrate from the HgS was freed from H,SO, by means of 
baryta and was concentrated in vacuo. The merctric sulphate however 
also carries down the bulk of the curative substance. Besides uracil 
0°25 grm. thymine could be isolated in this fraction. It was obtained in 
form of plates which melted at above aap and gave - ein 
fi gures on analysis: , 
4609 substance (by method) 25˙6 c.c. N/ 10 HSO,. 
7 Found 2227 / N, C, H. O, N. requires 22˙22 % N 
Tue filtrate from the mercuri¢ sulphate, treated with silver nitrate — 
: os baryta, gave ‘a silver salt which after decomposing yielded small 
quantity of crystals (0:05 gr.), which melted at 233° and possessed 
curative properties. Thus a of curative was 
effected, even in case. 


5¹ * e e were treated in portions 14 kg. with 4 Nae of 
7 3 alcohol on the shaking machine for 1 hour. The polishings 
were filtered off and the alcoholic extract corresponding to 10 kg. of 
polishings in each case was melted on the water bath with 1 litre of water 
and the aqueous extract was evaporated in vacuo. ' The aqueous solution 


was precipitated with basic lead acetate and the filtrate, freed from lead, 


was precipitated with silver nitrate and baryta. The silver salt formed 
The filtrate 
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from. the Ag,S was freed from ot 
very dilate sulphuric acid and the final filtrate evaporated in vacuo to a 
small volume and the residue mixed with alcohol and trausſerred into 


a vacuum desiccator. In a few days the residue began to crystallise. 


The crystals (yield O6 grm.) were filtered off and recrystallised from 


5 % hydrogen peroxide. The substance melted with decomposition at 
231°.. When mixed with synthetical allantoin the: ROB: point was 
not depressed. 


01282 substance by Kjeldahl’s method required N/10 H80,, 


Found 35'39*/, N; calculated for allantoin C. H. N. O, 35˙40 % N 


The substance was entirely different from the curative ie 
When mixed with an equal weight of the latter the melting point was 
depressed 21°. Allantoin is not precipitated by phosphoturgstic acid 


but is precipitated by mercuric sulphate. These properties can be used for 
dhe separation of the two substances. Synthetical allantoin (prepared 


from uric acid) given to seven pigeons suffering from polyneuritis did 


not cure them, but seemed to prolong the life of the conn This — 
requires further inveatigation, 


ößD 


1808 grm. of a commercial dried milk preparation 
7 e Trumilk, was extracted with 3 litres of alcohol on 
the shaking machine for 12 hours. The residue was filtered off and 


extracted in a Soxhlet apparatus with ether for 12 hours. The combined 
alcohol and ether extracts were evaporated in vacuo and the residue 
hydrolysed with 2 litres of 10 / H,SO, for 5 hours. On cooling the 
solid fatty acids were separated off and the aqueous extract was pre- 
cipitated with phosphotungstic acid. The precipitate was washed with 


5 °/, H,SO, and when dry weighed 51 grm. This was decomposed with 
125 grm. of baryta and the liquid freed from baryta was then found 


to be effective in curing pigeons suffering from polyneuritis. After the 


solution had been neutralised with HNO,, AgNO, was added, the 
precipitate formed was separated and to the filtrate baryta was added. 
The precipitate obtained was filtered and decomposed with H, S. By 
evaporating this solution in a vacuum desiccator a small quantity of a 
crystalline substance in the form of needles was obtained which melted — 


at 230° and possessed the characteristic curative properties. 
Or- brain. 2180 grm. of dried ox-brain were shaken out with 4 


of alcohol. ‘This was filtered off and the residue extracted 
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ACTIVE SUBSTANOR OF RICE-POLISHINGS. 81 


- with ether and finally with alcohol. The extracts were evaporated to 


dryness in vacuo and hydrolysed with 10 / H,SO, for 5 hours. The 
solution gave on precipitation with phosphotungstic acid 220 grm. of a 
dry precipitate which was decomposed in the usual way with 600 grm. 


of baryta. In the filtrate the excess of baryta was eliminated with weak 


H,S0, and the filtrate, neutralised with HNO,, was evaporated in vacuo 
to about 100 Cc. This solution was found to be curative and was treated 


with AgNO, and baryta as before. The silver fraction after decom- 
position yielded on evaporation a little of a crystalline substance, which 


was apparently not quite pure, it melted at about 208° but possessed 


the curative properties. 


Timo. juios. 42 litres of 5 lime-juice (nitrogen content 


085 % were made up to the content of 5% H, S0, and were precipitated 
with a solution of phosphotungstic acid. The precipitate, which weighed — 


when dry 1200 grm., was treated in a mortar with 2500 grm. of baryta. 
snakén on the shaking machine, filtered off, suspended in water and 


shaken again. In the combined filtrates the excess of baryta was removed 


with dilute H,SO,. The filtrate from the BaSO, was neutralised with 


HNO, and the solution, which was found to be curative, was evaporated _ 
in vacuo. After the precipitation of the purine bases with AgNO,, a 


saturated solution of baryta was added to the filtrate so long as the fluid 


gave a white precipitate with AgNO, arid ammonia. The silver. precipi- 
tate obtained in this way amounted to 5˙9 grm.; it was decomposed 
with HS and the solution evaporated in a desiccator: No appreciable 
quantity of crystals separated out but the solution was found to be 
ctirative for pigeons.’ Further investigation of this material is in progress. 


‘The ‘substance preventing peri- beri was isolated from a number 


4 foodstuffs and the previous statements of the author fully confirmed. 


2. The base obtained from all these ſoodstuffs seems to be the 


ame. For curing pigeons (per os) O 02-004 grm. were employed. 
3 The chemical properties of the curative substance suggest t that 


it isa base, a constituent of a nucleic acid. 
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OBSERVATIONS UPON THE EFFECTS OF SECTION 

off THE SPINAL CORD UPON TEMPERATURE 
AND METABOLISM’. Br E L. KENN M. A., MD, 
M. S. PEMBREY, MA, MD. 


(From the Physiological Laboratory, Hospital) 


88 In the animal body two sources of heat may be * 
tinguished, the muscular and the glandular. Paralysis and anesthesia — 
influence chiefly the former source, hunger especially affects the latter. 


The relation of muscular activity to the maintenance of a constant 
temperature can be studied by testing the response of an animal to 


changes of external temperature under conditions in which the control! 


of the animal over its muscular system is varied. The response of the 


normal animal may be compared with that exhibited by the same 


animal after its chief muscles have been paralysed by section of the 
spinal cord, or by the action of an anzsthetic. These methods, it is 
true, do not give pure results, for the glands and the vaso-motor 


will be affected ; nevertheless the data are far more reliable than those 


obtained with sacle’ surviving organs, for the physiological unit, the 


animal, is giving the responses and those too under conditions which. 


can be observed in man almost any day in a large hospital. In our 


investigations we have employed section of the spinal cord and anzes- 
thesia, but in the present paper we deal only with the former method. 
It is easy by section of the spinal cord just below the brachial 
plexus to keep rabbits in a good condition for two or three weeks, for 
they are able to breathe easily and to move the fore part of the body 
and they feed as eagerly as before the operation. Section of the spinal 


cord at this level has the further advantage that it renders possible a 
comparison of the effects upon the temperature of animals with those 


which have been observed in patients with traumatic section of the 


spinal cord), 


hi gi tom he Hoa and | 


the British Medical Association. 
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(SPINAL CORD AND TEMPERATURE 88 


In the observations on the response to changes of external tem- 
perature mice have been used on account of the rapid and pronounced 
effect produced by such changes upon their output of carbon dioxide. 
On the other hand it has been necessary to employ larger animals, such 
as rabbits, for the determination of the effects upon the total respira- 
tory and nitrogenous exchanges and for a consideration of the influence 
of the relation of surface to mass on the regulation of temperature. 
Temperature. As long ago as 1878 Pflüger showed that the 
regulation of the temperature of a warm blooded animal was lost when 
it was poisoned with curare or rendered paraplegic by high section 
of its spinal cord. Under such conditions the animal responded to 
changes of external temperature in a similar way to that seen in cold 
_ blooded animals, Unfortunately this knowledge has been obscured 
of late years by the theory of special heat centres in the basal ganglia 3 
of the brain. 
The average rectal temperature of tame mice was found to be 
374 in 27 observations upon eight normal animals and the range was 
36˙1 to 386°. After section of the spinal cord the regulation was so im- 
paired that a supply of artificial heat was necessary, for exposure to tbe 
temperature of a room at 10° was sufficient to lower the animate internal 
temperature 10 degrees or more. 

From time to time a series of 135 observations have been made 
upon the rectal temperature of 26 normal rabbits; the average was 
38°9° and the range 37° to 41°. After section of the spinal cord the 
animals, as would be expected; were much less affected by moderate 
cold than were the mice, but in some cases the rectal temperature was 
385 even when the animal was kept in a cage warmed to 26°. Previous 
experiments have shown that the temperature of the mouth of a 
paraplegic rabbit is, relative to the rectal temperature, higher than that 
of a normal rabbit, and may be raised by muscular activity as much 
as 2° above that of the rectum@. 

Failure to maintain a normal temperature is associated closely with 
loss of control over the skeletal: muscles and such a condition resembles 
that of young mammals born in a state of helplessness. Four kittens, 
which were born in a cornfield and deserted by their mother, were 
found the day after birth to have rectal temperatures of 18°5°, 19°, 18° 

and 18°5° when the temperature of the air in the evening was as high 
as 17°. 1 made to feed them ol a but they died the 
next 
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It is known also that in man after traumatic section of the spinal 
bord the temperature may fall to 27° or rise to 43˙. Sensations of heat 
and cold are lost in the paralysed parts and when the temperature of 
the patient rises sweat breaks out only upon the parts above the 


lesion; likewise when his temperature falls he shivers only in the same 


parts of his body. At least two sources’ of disturbance are present in 


such. cases; à lack of control over the production and loss of ‘heat. 
Mauscular activity is concerned chiefly with the former, nner 
changes and sweating with the latter. 


The animals with the spinal cord divided below: the beast ccs : 


may be considered to consist of an anterior portion with warm blooded, 


and a posterior portion with cold blooded, characteristics. The general 
condition, unless precautions be taken to keep the animals in warm 
surroundings, is one of hypothermia. In no case was hyperthermia 
observed. The explanation of this seems to be clear. Apart from the 
loss of the vaso- motor control and the paralysis of the greater part of 8 
the body the ‘paraplegia prevented the animal from adopting the 
characteristic posture which — be assumed by the normal | 


Respiratory: In the of the of 
pee of the spinal cord upon the response to changes of temperature 


the small respiratory apparatus previously used@ by one of us was 


employed; only the output of carbon dioxide was determined for it was 


necessary to make determinations ‘over consecutive periods as short, in 


Some Cases, as 10 minutes. On the other hand the estimations of he 
total respiratory exchange of the animals before and after section of the 
spinal cord were made with Haldane’sq modification’ of Pettenkoſer's 


_ respiration apparatus. There is no doubt that this method gives 


results which are far more reliable as a representation of the true 
respiratory exchange than those obtained by methods involving the 
fixation of the animal or other operative procedures. The animal 
quickly becomes accustomed to the chamber aud weighing. It might . 
be oonsidered a drawback that the method necessitates in the case of 


section of the spinal cord @ division low enough to leave intact the 


control of respiration. This in fact is no disadvantage for _—— 
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“THE OF SECTION OF THE SPINAL CORD m MICE. 


VV 
3 the general procedure was to examine first the response of 


the normal animal to changes of temperature and then under anes- 
thesia with ether to divide the spinal cofd in the upper dorsal region. 


The resulting paraplegia extended up to the shoulder girdle but did 
not involve it; the animal was able to breathe well, feed and cleanse 
itself. The incision necessary to expose the vertebral column and 


the section of the spinal cord caused very little bleeding; the wound 


was closed with collodion and throughout the operation precautions 
were taken to ensure asepsis. The entire operation lasted only 5 


or 6 minutes. The animal was placed over a warm incubator and 
allowed to recover from the anesthesia and shock before | ite: — | 


_ Fig. 1. Mouse Na 1. 


184 hours . 75 
D. 4 day ” 
_Abscisam represent consecutive periods of 20 min. 
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% RBNNAWAY AND PEMBREY. 
“Pos rebulte of of the experiments may now 


Mouse No. J. 


1 nen (Seo Fig. 1.) The mouse was in the ventilated chamber, water-bath 


Consecutive periods of 20 min. 


U. 
its fore limbs. There is complete paralysis below the shoulder girdle. The mouse was in 
the ventilated chamber, water-bath 10-5°, for 28 min. before the first period. | 


” 


} "Slight twitehing of fore limbs 


At the end of 
mouse was asleep, but it became 
very active when taken out of the 
chamber and ate with great vigour 


| 
i 


0 


92-05 Quiet, but active at the end of the 
Iv. Four days after section of the spinal cord. The mouse appears to have some very 
slight power over its hind legs; its condition is good. It was in the ventilated chamber, 
255 


body | 
the wound. The bladder was 
much distended. _ 


decimilligrams throughout 
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2 III. Thirty-four hours after section of the spinal cord. The 
four mouse is. 
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a 40 min. before the first period. 
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‘SPINAL OORD AND TEMPERATURE. 67 


Tunis ‘series of experiments ‘shows that a low temperature, does 
not ‘produce at once a great fall in the discharge of carbon dioxide 
after section of the spinal cord. After one hour however the cold 
depresses the metabolism so much that the carbon dioxide is reduced 

| to about one half the value in the normal animal exposed to that 
| | temperature (Exps. I and II). Similarly a rise of external tempera- 
ture does not increase readily the discharge of carbon dioxide. The 


Fig. 2. Mouse No. II. Normal. 
Abseisss represent consécutive periods of 10 min. 


Fig. 8. Mouse No. III. 24 hours after section of spinal cord. 
Abscisse represent consecutive periods of 10 min. | 
. Continuous line represents carbon dioxide output in milligrams - 2. 
: Dotted line represents temperature of water-bath in degrees centigrade. 
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two portions, of the body are responding in opposite directions and 
the paraplegic. portion must be cooled: or warmed as the case may 
be before. its. metabolism is. diminished or increased, These points 
are demonstrated. more clearly by experiments in which the periods 
are more frequent. and numerous, as in the, following examples. The 
next curve shows the typical response of a normal mouse, 


2 


Mouse No. III. 


I. (See Fig. 3.) Twenty-four hours after section of the spinal cord. There is complete 
| below the shoulder girdle. The mouse is in good condition. It was in the 


Consecutive periods of 10 minutes. 

497 25° Active 
500 24˙5 
516 9°65 Very active 
465 55 
875 9°65 
372 75 Shivering in front part of body 
200 25 Quiet 
198 25 
226 25 
24°5 Slightly active 
— 


457 > 2% Slightly active 
478 28-5 Active 
548 875 
III. Seventy-siz hours after section of the spinal cord. (See Fig. 4.) The mouse is in 


good condition. Paraplegia complete; urine dribbles away. The animal was i, 
ventilated chamber, water-bath 95°, for 25 min. before the first period i aaa 


25 Active 
Very active 


jas Shivering in front part of body 
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II. Fifty-three hours after section of the spinal ; The : a 
the fore ot cord. mouse is very active with 
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beginning of the experiment was 32°5°, at the end 19°. 


. for 30 min. before the first period. 


“(SPINAL GORD AND TEMPERATURE. 00 


An ordinary clinical thermometer placed in the rectum of the 
mouse gave no reading at the beginning of this experiment; the 
temperature thereforé was talén in the following manner. ‘The 
of a clinical thermometer was placed in the groin of the mouse and 
covered with the thigh ; here it was kept until the column of mercury 
became stationary. Taken in this manner the temperature at the 


Fig. 4. Mouse No. III. 76 hours afer een of spinal ord. 
_ Abscisse represent consecutive periods of 10 min. 


Mouse No. IV. 
(Bee Fig.) This mouse is about 


half grown; ite weight is 11 grms. There is complete paraplegia below the shoulder 


girdle. The urine dribbles away: — 


Consecutive of 10 min. 
Alete. 
20 24 
25 
24 4 
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Mouse No. F. 


Fig. 6.) Normal. The animal was in the ventilated chamber, waterbath 25°, 


6825 
for 96 min. before the beginning of the first period. 


Cousecative periods of 15 min, 
| 


12˙8 


Fig. 6 Mouse No. IV. 62 hours after section of spinal cord. 
‘Abscises represent consecutive periods of 10 min. 
Continuous line represents carbon dioxide output in decimilligrams. a 
_ Dotted line represents temperature of unter- bath in degrees centigrade. — 


Mouse No, VI. 
(See Fig. 6.) Trev hones ahhar-pection of the spinal cord. There is complete 


paraplegia 
below the shoulder girdle. water-bath 26°, 


6666 


Conseoutive periods of 10 min 
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Mouse No. Vii, 


‘Normal. The moose was inthe ventilate chamber, 
Conseoutive periods of 15 min. 


12°25° Very active. 
Active. 


1700 
“the 
„%% 


B. Mouse No. VI. rr 


_ Abscisse represent consecutive periods of 10 min. 
Continuous line represents carbon dioxide output in milligrams. 
Dotted line represents temperature of water-bath in degrees centigrade. 


Mouse No. Vii, 


e There is complete paraplegia below the shoulder girdle. ee 


Consecutive periods of 15 min. 


222 22° a Quiet. 
229 22 ” 
0 1 78 Astive movements of fore feet. 
158 117 Quiet. 
87 N. 21°5 
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92 E. L KANNAWAY AND MS. PEMBREY. 


II. Twenty-four hours after section of the spinal cord. There is complete paraplegia 
below the shoulder girdle; the urine dribbles away. 
chamber}, water-lath 22°, for 80min, befote the first period) 


68 

52 O15 1 


In the periods of short duration the lag in the response to a 
change in external temperature is well shown. There is little doubt 
that it is due to two antagonistic processes as well as the time 
required to cool or warm the respiration chamber. The anterior 
portion of the body becomes more active when the animal feels 
| cold and more heat and carbon dioxide are produced; the posterior 
pPaortion as soon as its temperature is lowered produces . heat and 
1 carbon dioxide. 

In the next case an unexpected advantage was obtained from 
an unsuccessful operation; the paraplegia produced proved to be 
due only to compression. With the disappearance of the paralysis 


No, IX. 


II. One hour after the operation. At the beginning of the experiment there appeared 

to he complete paralysis below the shoulder girdle, but when the mouse was removed from 
the respiration chamber the left hind leg seemed to be only partly paralysed, The animal 

in the ventilated chamber, th before pot. 
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III. b The mouse has some power over both ‘hind lege 
“4 and the tail. ‘There is no urinary trouble. 
for 86 min. before the first period. — 
175 Very active, 
(175 „ „ 


There id now only some slight lack of 
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In the next experiment the response to a change of temperature 
was determined before and after division of the sciatic nerves under 
ether anssthesia. The resulting paralysis was so small that the 


response was almost the same as that before the operation. This 
experiment serves as a useful control upon 


Mowe 
I. Normal. waterbath 25°, for 90 min. 


Conssoutive periods of 15 min. 
2 Aetive. 
429 ” 

15 1 
5665 15 Very active. 


ee before the first period. 
440 476° Slightly active, 
523 „ Very active. 


THE EFFECT OF SECTION OF THE SPINAL CORD IN RABBITS. 
Total respiratory exchange. In these experiments. determinations 


of the total respiratory exchange were made on separate days before 
and after section of the spinal cord, during portions of the period for 


which the nitrogenous exchange was estimated. After the necessary 


preliminaries for the attainment of a constant condition a determina- 


tion for a period of one hour or half an hour was made; this was 


repeated on several days and then the operation of section of the 
spinal cord just below the brachial plexus was performed under 
antssthesia with ether. After the operation, which lasted about five 


minutes, the rabbit was placed in a warm room; it quickly recovered 
from the anesthetic and eagerly took its food. There was complete 
paraplegia of the parts below the lesion and a series of reflex flexions 


and extensions of the hind legs could be elicited by pulling the hind 


feet downwards. The wounds healed by primary union and the 
animals were kept for thirteen days after the operation. The results 


The mouse was in the ventilated 
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15. xi. 66 102 77 96 ” 
6x „% & 0 
17. l. 42 
19. A. 483 706 64 87 
| 9. xii. 46 114 87 95 20 hours after section of the spinal cord. 
| Rectal T.=88°, T. ofair=17°. 
18. xii. 67 91 R. T. at beginning and 88° at end of 
— exp. T. of air 1788. 
16, xii. 66 118 105 78 R. T. =86° at beginning and 366 at end 
of exp. T. of water-bath=15°. 
xii, 385 134 114 R. T. at end. of exp. T. ot water- 
. 1. 46 £88 70 100 Rabbit IT, normal. 
. . 57 109 81 98 
7. i. 62 88 72 84 „ weight 1545 grms. 
9. Ai. 38 87 71 89 24 hours after section of the spinal cord. 
| | R.T.=86° at beginning and 87° at end of 
exp. T. of air=17-5°, 
14, xii. 864 99 4 86 R. T. at end of exp.=388°. T. of air 175. 
52 94 78 “88 ” „ 
| T. of water- bath 16. T. of air 10-58%. 
20. xii. 54 83 81 74 RR. T. 86° at beginning and 36°2° at end of 


exp. T. of water-bath=15°. T.ofair=14°. 


was increased and the respiratory quotient diminished, after section of 
the spinal cord. internal 'termperatare of the ‘rabbits did ‘uot fll 


the — 
Rabbit 1 Rabbit II 
Section of spinaleord Section of spinal cord — 
Carbon dioside output in centigrms. 85 19 98 96 
Oxygen intake ” 99 89 10⁰ 74 83 


Respiratory quotient ... ‘87 


‘The fall in the respiratory quotient, notwithstanding the abundance 
of carbohydrate. in the diet, would suggest that the animals were 
drawing upon their paralysed muscles and deposits of fat for a 
portion of the energy which they required. It will be shown later 
that this interpretation is confirmed by the loss in weight, the deficit 
in the nitrogenous balance and the condition of the bodies after death 
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Nitrogenous exchange. The rabbits were kept for a long. period 


upon a diet of known nitrogenous content, and the urine and the 
feces were collected and analysed. The results are shown | in Table I 5 


and Figs. 8 and 9. 


Rabbit I was kept under observation for 81 days. It i! 
daily as much oatmeal as it would eat at one time, and in addition 


after Period 1 (see Table I and Protocols), cabbage (100 grams) and 
swedes (150 grams) which on almost every day of the series were eaten 


completely. At the outset of the experiment the amounts of nitrogen 


in several samples of oatmeal, cabbage, and swedes were estimated, 
and the results thus obtained were used throughout the experiment 


in calculating the intake of nitrogen. Since the supplies required 
| subsequently in the course of the 81 days were not analysed, the 


figures given for the intake of nitrogen are approximate only. 


The addition of swedes to the diet (Period 2) was followed by 
: repid growth (Fig. 8, D), an increase of weight of 259 grams in 10 days. 


e results indicate that the new material laid on at this time 
contained 2˙31 % of nitrogen, or 68 7. of the amount of nitrogen 


present in a quantity of muscle equal in weight to this new material. 
When the rate of growth had become slower, an increase of 206 grams 


in 26 days, experiments were made upon the effect of chloral 


(Period 4) There was a decrease in the absorption of nitrog 55 


by 21% and an increase in the output of nitrogen by 45 %, con- 
verting the nitrogen balance from a gain of 206 mg. nitrogen 


of the spinal cord, urine, wae extent 


| Wes ent but every day the bladder was emptied as far as 


possible by pressure on the abdomen. The division of the cord did 
not produce any prolonged diminution in renal activity: In the 


first 24 hours following the operation, rabbit II excreted 80 Me 


of the normal amount of nitrogen. Subséquently the nitrogen of 
the urine was increased by 40 % above the normal. The average 


volume of urine was the same before and after division of the spinal 
cord. In the case of rabbit I; some of the urine of the first day after 


the operation was lost, but on the second day the amount of nitrogen 


in the urine was normal. . These results are in agreement with those of 
Sherringtonc%h, who states that in the dog after transection of the 


io cord the excretion of urine if ever stopped soon recommences. 
The fes — soft and after the operation, and 
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4 


ĩͤ 


€ 


%%% % 


O. Subcutaneous injection of 


chloral. B., Section of spinal cord. 


Diet changed (see p. 96). 


¢ 


Rabbit I. D. 


Fig. 8. 
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4 14 4 1 


DECEMBER 
Fig. 9. Rabbit II. 8 


and 9. 


Output of nitrogen in decigrams, 
of zitrogen in 


decigrams. 
Mean absorbed nitrogen in decigrams. 
Body weight in grams+100. . 
Carbon dioxide output per half hour in decigrams. 
Mae. Respiratory quotient x 10. 


in both rabbits did not resume their normal consistence for six . 
This condition was associated with a considerable diminution in the 
absorption of nitrogen (col. IV, Table I), and might have been 
due to the increased peristalsis which was observed ** Barnarde i in 

animals after section of the lower cervical cord. 

There is at first sight considerable discrepancy in the nitrogenous 
excretion of the two rabbits after division of the cord (Table I), for the 
output of nitrogen was increased 3% in rabbit I and 39 / in rabbit II. 

Both animals, however, were using up apparently the same kind of 
material, for the body substance lost contained in the one case 42°/, 
and in the other 40% of the amount of nitrogen which would have 
been present in the same weights of muscle (col. XI, Table I). 
Moreover they were losing about the same amounts relative to their 
body weights, the weight lost being in rabbit I 17°/, and in rabbit II 
72 
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10 E. L KENNAWAY AND M. 8. PEMBREY. | 
15%, of the respective initial weight, Although the breakdown of 
tissue was similar in the two animals, its amount was therefore 


greater in rabbit I; in agreement with this, it was found that the 
intake of nitrogen was sufficient to account for 44 ‘lo of the eee : 


in rabbit I and 57% in rabbit II. 


It is obvious that the loss of weight cannot be attributed salaly | 
to muscular wasting resulting from the paraplegic condition, for the 
material lost contained only 40% of the nitrogen present in the same 
weight of muscle. The other sources of loss are to be sought in a 
diminution in fat, tissue fluid, and the contents of the alimentary canal. 


The examination of the bodies of the animals after death showed in 


addition to pronounced wasting of the muscles of the hind limbs an a 


SUMMARY AND CONCLUSIONS. 


Ina 1 e the anterior portion of the body 3 to 
changes of external temperature in the manner characteristic of a warm 
blooded animal; the posterior portion on the other hand responds to 


such changes as does a cold blooded animal. The effect observed on 


the respiratory exchange, when the external temperature rises or falls, 
is the resultant of these opposite tendencies. 


Division of the spinal cord below the brachial plesus i is followed by 


a progressive fall in the animal’s weight. Although food is eaten 


eagerly it is not absorbed well; the intake of nitrogen is less than the 
output, the muscles of the paraplegic portion of the body waste, the 
respiratory exchange is increased and the respiratory quotient fall 
The material lost appears to consist of fat and muscle. 

The paraplegio portions of the body are liable to an excessive loss 
of heat owing to the loss of vaso-motor control and the inability of the 
animal to maintain the natural posture of the body. It would appear 
that the anterior portion of the body under the control of the animal 


attempts by its activity to maintain the normal temperature, and these 


active muscles draw upon the paralysed ones for the 1 9 
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AND TEMPERATURE. 101 
FP ROTOCOCOL I. Rabbit J. 
e oatimations are for the 24 hours preceding the date given. 
ö PERIOD 1. Inadequate Diet. 
. 9 days grms. “Food ‘Feces Urne | Daily food 
Oct. 3 1261 615 | Oatmeal (2°03 
4 116 44 500] Water 20 c.c. 
3 1241 480 66 424 
5064 76 8956 [ Oatmeal. 
a 585 0 585} Cabbage 100 g. 288 mg. N. 
9 : 618 0 590 | Water 10 . . 
10 1205 626 421 
1 
Total, grams 4193 
0-728 
Nitrogen absorbed... 8°465 


balance 4°768 — 8°465 = 1608 g, of in wight. 


PERIOD 2. Adequate Diet and Rapid Growth. 


Oatmeal. 
Cabbage 100 f. mg. R. 
Swedes 150 g. 202 „ 


45 „ 
10 d Food Feces ‘Urine 
Oct. 12 1199 446 
18 1104 89 410 
14 871 70 197 
15 a: 1256 180 218 
16 1456 891 58 204 
17 1028 44 284 
18 1455 880 0 40 
20 1464 911 
Nitrogen absorbed 9°269 


Changein weight +259 
balance $300 640g hangs in 
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— PERIOD 8, Adequate Diet and Slower Growth. 


S 


K 


SE 


| 


2 


3°675 13 


888835882 


on 


+206 
+558 f. M. of change in weight, 
PERIOD 4. Effect of Chlaral. 
| Food as in Period 2 


i 


| Food Fences U 
| Nov. 17 1668 485 329 660  Chloral 0-4 g. on 16th 4 
| 18 1607 846 815 926 „ 078 g. on 17th 1 
20 1580 788 1 618 
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„ 100 g. on 19th 


Change in weignt 58 
Nitrogen balance 3-660 — 2-794 = in 


* 


rs. ‘ 
Bivens | 
ag 
AME 
* 
„ 
* 
— 
= 
aS 
Ag 
Nay 
q 
7 
8 
GA ° 
4 1670 
3 133 
see 
— 
¥ 
77 
- 
we | 
2 
‘ e i 


SPINAL CORD AND TEMPERATURE. 


PERIODS 5 anp 6. 


Food as in Period 2. 


Period 6 II days Freces Urine 
Nov. 22 1629 A 666 
911 868 
24 1674 91 610 
1620 871 806 
26 1025 190 229 728 
27 901 680 
20 1664 911 578 
1668 7509 645 
50 10672 778 J 555 
Dec. 1 1675 563 
2 1667 8602 0 785 
Period 6 6 days 
3 1650 8667 529 
1634 820 667 
1660 617 648 
7 66 498 
| 485 | 544 
+21 


balance 11-04 - 10°08 = 4-0°432 g. N. 


"PERIOD 1. After Division of Spinal Cord. 


Food as in Period 2. Spinal cord divided Dec. 8th. 
Dos. 9 992 250 (loss) 
545 
1 1605 617 4456 84 
16 1440 647 611 
17 1390 6% 500 
19 1870 C 
Change in weight — 280 


| Does. 20 urine 868 (no food). 
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» A 


4 Feoes ... 611 


u 
Dec. 9 


1 
12 

15 
14 


‘Absorbed Nitrogen 8816 


+16 


Food ... 8097 mg. M. 


. PERIOD 2. After Division of Spinal Cord, 
Food as in Period 1, Spinal cord divided Deo. 8th. 


Nitrogen Belance ½ of 


change in weight. 
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food : 200 mg. N. | 
100 g. =253 
| 561 
| 
1 
Body - weicht Urine Urine volume 
7 nitrogen | 
days erm. mg. ce, 
Dec. 2 1530 419 210 
— 
8 1540 501 220 
4 1540. 519 
Be 5 1545 410 260 
5 6 1545 449 240 
“Sg 
620 
7 eee eee 
438 200 
5 
M 1. 229 
Total, grams 3°356 ean vol. C. C. 
Change in weight 
eee 
1 | 
ae Urine Nitrogen ... 8356 mg. N. | 
a Absorbed Nitrogen 3316 | 
9? 99 
ag — 
“a ‘ Nitrogen Balance 40 „ 
1. 
| 
| 
| 
P 
ene 879 
12 10 703 
eee 
Ag 
eee 695 
see 640 
* eee 7 76 
eer 
15 1860 685 
4 16 1330 634 
eee 
4 18 1290 897 
19 1310. 534 
Mean vol. 228 
Total, grams 7°306 ean vo 0.0. 
Change in weight — 285 
Dec. 20 1049 
He 
x Food 6171 mg. N Urine 306 5 
see mg. woe eee 7 mg. N. 
Feces ... A N 
—ͤ—v— 2 
Absorbed Ni 4144 
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(1) Pembrey. Brit. Med. Journ. 1. p. 888. 1897. Article Animal Heat” Tet 
book of Physiology, edit. by E. A. Schäfer, 1. p. 860. 1898. 

(2) Pflüger. Arch. f. d. ges. Physiol. xvi. S. 305. 1878. 

(8) Muteh and Pembrey. This Journal, tun. p. 111. 1911. 

oes Pembrey. Ibid. xv. p. 401. 1894. 

) Haldane. Ibid. xm. p. 419. 1892. 

(6) Sherrington. Article “The Spinal Cord,” Test bool of Physiology, ‘edit, | 
E. A. Schäfer, u. p. 853. 1900. 5 
Bernard. Wor 5. 878. unt 


| A preliminary account of some of these experiments was published in the Proc. Physiol. 
Soc., This Journal, xvi. p. iii. 1895. 
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on THE EXTRINSIC NERVES OF THE HEART or 


THE BIRD. By D. NOEL PATON. 


(From the Physiologioal Laboratory, University of Glasgow.) 


Tax results of a series of experiments upon the action of pituitrin, 
adrenalin, and barium upon the heart of the duck showed a failure on 
the part of the ventricle to respond to conditions inducing augmentor 


response in the mammal', This led me to consider how far these 
results can be explained by peculiarities in the innervation of the avian 


heart and to investigate the action of the extrinsic cardiac nerves. 
Gaskell? says “the comparative physiology of the vertebrate heart 
requires further investigation and would, I believe, yield results of very 


great value to the morphologist as well as to the physiologist.” He 


further points out that cold blooded animals (p. 215) may be divided 
into two classes, the amphibia in which the ventricle as well as the 
auricle is affected by the inhibitory fibres of the vagus, and the Teleostei, — 


Chelonia and Reptilia in which the inhibitory action appears to be 


confined to the auricles. As regards the effect of the augmentor nerves’ 
he says (p. 219) that he is not clear that any effect on the ventricle can 
be demonstrated in the crocodile or tortoise. ) 

Knoll“ states that in the mammal, after slight atropinisation, the 
ventricular contractions not seldom become slightly larger during vagus — 
stimulation and that this is the rule in the un-atropinised pigeon. 
In spite of these results he argues against the vagus being a carrier of 


„ augmentor fibres. 


Jürgens“ finds that stimulation of the vagus in the pigeon usually 


causes decrease in auricular and ventricular contraction or decrease in 


the ventricular contraction only. In one experiment he got increase in 


1 This Journal, xurv. p. 418. 1912. 

§ Schifer’s Text Book of Physiol. n. p. 219. 
3 Phliiger’s Arch, xuvu, p. 595. 

* Ibid. o. p. 506. 1909. 
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NERVES OF. BIRD'S HEART 107 


the extent of auricular contraction, 
ments do not confirm the results of Knoll. 

Batelli and Stern! state that the duck differs hand. shes birds i in 
having vagal inhibitory fibres very easily 8 and * oa 
lated leading to a long diastolic arrest. ; 


* 


„5 were recorded by the method described in a previous paper. 
The independence of the records of auricular, contraction and of 
ventricular contraction, and vice versa, may be estimated by a study 
of: traces from cases where, as a result of stimulation of the vagus, 


cath the top toe aril ad the lower ofthe 
W Time is marked in seconds. . oe 


Hig 1. Anricolar escape from vagal inhibition to show independence 
of auricular traces. 
Fig. 2. thn frm vga inhibition fo show 


ventricular contractions go on while auricular contractions stop (see 
Figs. 2 and 3), and in cases where the auricles beat in the middle of 
inhibition without the ventricles responding (see Fig. 1), Such records 


show that auricular and ventricular traces are not materially modified 
one another, 


2 C. R. de la Soc. biol. p. 605. 1908. | 3 
0 3 This Journal, XIV. p. 410. 1912. 
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Inhibitory dotion. An extensive series of experiments W e 
J tirgens’ results that section of the vagi in the duck, with. artificial 
respiration maintained, causes no change in the rate of the heart. 

My observations further confirm his results that stimulation of the 
vagus may stop not only the auricles but also the ventricles although — 


Fig. 8. Inhibition of the auricles with decrease in the amplitude of contraction of 


the ventricles on stimulation of the vagus. (Secondary coil at 0 cm.) 
Fig. 4. Augmentor response of the ventricles to stimulation of vagus in duck after 
828 of atropine sulphate. (Secondary coil at 0 cm.) 


Fig. 6. Augméntor response to stimulation of the vagus after an initial decrease r 


for about 1 sec. (Secondary coil at 0 om.) 
“Fig. 6, Angmentor afloct on stimnlation of the right vagus at the end of a 
; prolonged experiment. (Secondary coil at 0 cm.) | : 


sometimes. the actual stoppage is confined to the auricles ig. 10 
I find in opposition to Batelli and Stern that the inhibitory fibres 


of the vagus in most ducks require a strong current to stimulate them. 


¢ 
* 
AES 
| 
yaa 
‘ 
<a at * ‘ 
= — * 
— 
* 
N 
me on 
0 
ate 
— 
} 
7 
2 
2 
* 
2 
4 
A 
> “A 
— 
8 
i 
— a 
; 
8 
4 
2 
* 
8 - 
A, 
1 
4 
** 
* 
we 
=f 
4 
— 
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The inhibitory fibres appear to act on auricles and ventricles alike 
1 their action on the ventticles is less marked than upon the 
auricles, 

Augmontor ucbton In sever! experiments I obtained results con- 
Pi of Knoll’s observation that the ventricular contraction may 


be increased during vagal stimulation (Figs. 4,5 and 6). One of these 


was got after a small dose, 000065 grm. of atropine sulphate which 


bad not ‘completely paralysed the inhibitory mechanism, and one as the 


effects of atropine were passing off. | 
The fact that Knoll, Jürgens and I have all in some cases e 


augmentor effects from vagus stimulation, in spite of the simultaneous 
stimulation of the inhibitory fibres, renders it — that some 


fibres run in the: vagus. 


| 4 B 
1 Angmentor effect upon suricles of stimulating the root of the Sri thoracic 
(Secondary coil at O cm.) 


1 has in the chick an outgrowth of 
ol from near the root of the vagus ganglion and from the Ist 
cervical ganglion which grows along the conus arteriosus with the 
vagus to join the cardiac plexus. The auricles receive branches from 


i the vagus and from the sympathetic peri-bronchial supply derived from 


the thoracic portion of the sympathetic, while a special branch, from 
the lat thoracic sympathetic ganglion, follows the vagus to the bulbar 
orti The existence of these fibres has been confirmed’ by 


portion. 
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Kuntz has described the same course of development in mammals, 
and his observations may help to explain the results of reversed vagal 
action described by Dale, Laidlaw and Symons“ They certainly 
support the suggestion of these investigators that, if the vagus carries 
augmentor fibres, their cell stations must be in the jugular ganglion. 
Dr G. H. Clark in this Laboratory, in the course of an investigation 
on the influence of temperature on the action of the vagus on the 
heart in mammals, has obtained results similar to those recorded by 
Dale and strongly supporting the view that augmentor fibres pass in 
the vagus 
Morucic sympathetic. The morphological evidence that en 
fibres reach the auricle from the thoracic sympathetic induced me to N 
seek for physiological evidence of their existence. | 


ig 8. Augmentor effect upon the auricles of fret the Bra right thoracic 


| ‘The used was as : in the duck the 
_ spinal canal was opened from behind in the upper dorsal region, the 


_ spinal cord was cut above the Ist thoracic nerve and below the 4th 


thoracic, and the nerve roots were isolated. The heart was prepared 

for auricular and ventricular tracings and the duck was placed in the 
prone: position upon two slings to which it was securely fixed, and the 
threads attached to the heart led round two pulleys placed below the 
duck and so to the heart levers. The roots of the spinal nerves were 
stimulated i in the vertebral canal by means of the interrupted current. 
Clear evidence was obtained’ ar the existence of fibres 


1 Anat. Anz. xxv. p. 891. 1909. of Camp. 
* This Journal, xut. pi J. 1910-11. 
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NERVES OF BIRDS HEART. 11¹ 


especially on stimulating 
the third pair of thoracic 


nerve roots, in others upon 
stimulating the second pair. 
A very slight acceleration 
was observed in some cases, 
and in others a later slow- 
ing which became more 
marked after stopping the 
stimulation. In no case 
was there any marked 


augmentation of ventricu- 
lar contraction and in 
nearly all cases there was 


a decrease. Sometimes the 


the of auricular contraction, in some experiments more 


Fig. 9. Augmentor effect upon auricles of stimula- 
ting the root of the 2nd left thoracic spinal nerve 
followed by alternating strong and weak beats of 
the auricles and of each second beat to 
the ventricles. ( 


effects of stimulation were very prolonged lasting for more than a 
minute after the stimulation was stopped. In some experiments after 


the stoppage of stimulation there was an augmentation in the ven- 
_ tricular contraction and, in two instances, only every second auricular 


Fig. 10. Anqmentor eect upon auricles of stimulating the root of the ind left 
thoracic nerve from 4 to B followed by slowing of auricles and ventricles, — 


contraction was propagated to the ventricles. These results are shown 
in Figs. 7, 8, 9 and 10, and in the following. table, where ‘she range 
of movement of the lever point is given in mm. 

The augmentor effect on the may be seen on 
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2nd Thoracic. (Fig. 9.) 

Before 
Stimulation for 5 secs. 
4°25 secs. after stim. stop. 


2nd Thoracic, 
Before vee eee 
Stimulation for 5 secs. 
9 secs, after stim. stop. 


op, 


Brd Thoracic. 
Before stimulation ... 


D. V. PATON. 


8 secs. after beginning of stimulation of root 


of right 8rd thoracic nerve 


see 


10 secs. after subsequent stimulation of eae 


of left 8rd thoracic nerve 


eee 


20 secs; after 


And Thoracic. 
Ne change. 
Ind Thoracic R. 


Before | 
Stimulation for 5°5 secs. 


60 sees. after stim. stop, te 


Thoracic R. 
Stimulation for 4-75 secs. 
4 secs. after stim. stop 


60 sees. after stim. stop. 


8rd Thoracic R. 
No change. 

Thoracic R. 
Before 


Stimulation for 95 dos. 


| smal and lrg. 


Reperiment 1. 


—— —-— 
Extent per2eccs. ů Extent per2secs. 
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4. 
.. .. 66 7 
Before eee . 7 23 7 
7 secs. after stim. toy. 
was with currents distinctly but not strongly the 
of the tongue 85 
Stimulation of the 1st and 4th thoracic nerves has not given any 


i The main interest of these results is the definite limitation of the 
augmentor effect to the auricles. The concomitant decrease in the 
amplitude of ventricular contraction is diffloult to explain, but I am 
convinced that it is not a mechanical result of the method. It was 
best marked in those cases in which stimulation of the 3rd thoracio 

e of the auricles. 


‘SUMMARY or RESULTS. 


5 The 9 inhibitory mechanism of the duck’s heart j is not 
constantly: § in action. (Section of the vagi, under artificial respiration, 
has no effect on the rate or amplitude of contractions.) 

2. Vagal inhibition is exercised not only on the auricles but also 
on the ventricles. Powerful stimulation is generally required to 
produce it. 

3. There is evidence of the existence of at least some augmentor 
fibres in the vagus. The morphological study of the development of 
the cervical sympathetic explains the possible source of these fibres. 

4. Augmentor fibres, acting on the auricles alone, run in the roots 

ol the 2nd or Srd thoracic nerves. | 

5 5. Stimulation of these, with the stimuli used in these experiments, 
causes increase in the — of auricular contraction but no marked 

increase in the rate. 

. 6. A distinct slowing io the rate of the ben occurs some time 

4 after the stimulation is stopped. = 
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7. The limitation of the augmentor effect to the auricles probably 
explains the failure of the avian ventricle to respond to the action of 
adrenalin and to the rise of blood-pressure produced by clamping the 
innominate arteries or by the administration of barium chloride: | 

These results raise several questions of interest as regards the regula- 
tion of the avian heart and of the reciprocal relations of the vagus and 
: sympathetic: These will be dealt with in a subsequent paper. 

expenses of this investigntion were defrayed from grant from the Carnegie Trust 
the Universities of Sootiand. 
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THE LIVER IN RELATION TO CREATINE META- 
BOLISM IN THE BIRD. By D. NOEL PATON un 
W. G MACKIE. 


(From the Physiological of 


Durine the past few years a large amount of work has been pub- 
lished on the significance of creatine and creatinine in the metabolism. 
The problem has been complicated by the want of definite knowledge 
of the relationship of the one substance to the other. While, outside 
the body, creatine is readily changed to creatinine, in the body this 
change appears to go on only to a comparatively small extent, and the 
greater part of any creatine which is given by the mouth or sub- 
cutaneously appears in the urine as creatine or is converted to some, 
as yet, unrecognised substance or substances, In a previous paper’ 
one of us, D. N. P., pointed out that, in the study of the significance of 
creatine, this confusion could be avoided by taking advantage of the 
fact that in the bird creatine is not changed to creatinine, but that it 
is excreted unchanged as an end product of muscular metabolism. He 
there showed that in birds the creatine output might be = as & 
measure of catabolism of muscle. : 
There seems no reason to believe that the liver plays any part in 
its production or decomposition. Mellanby, it is true, has advanced 
the theory that the liver in birds and mammals forms creatine from 
creatinine’, basing his conclusion on the following considerations :— 
1. The evidence that chicks can convert creatinine to creatine. A 
- reference to the observations recorded in his paper shows that this 
evidence is hot strong, 2. His failure to find evidence of a conversion 
of creatine to creatinine ; on the other hand Gottlieb and Stangass- 
inger and van Hoogenhuyze and Verploegh have demonstrated 
that such a conversion takes place. 3, His statement that creatinine 
is not excreted by the chick “till a week after hatching.” I can find 
no reference in his paper to any observation upon this point. 


' Journ, of Physiol. xxxrx. p. 488. 1910. bid. w. p. 486. 1908. 
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116 D. N. PATON AND W. O. MACKIE. 
If the liver takes any part in the metabolism of creatine its removal 


should cause some disturbance in the proportion of the creatine to the 


total nitrogen excreted in the urine. 


In dogs the following observations have been recorded. London 
and Boljarski! give some observations upon the excretion of creatine — 


and creatinine in two dogs with the liver excluded by Eck's fistula. 
Their results lead to no positive conclusions, and simply show the marked 
excretion of creatine which is to be expected in an emaciating dog. After 
the administration of 1 gm. of creatine and of 1 gm. of creatinine with 


the food they failed to find any increase in the excretion of either 


constituent. 


Foster and Fisher* these They express 


doubts as to how far an Eck s fistula excludes the liver, and find that 
the administration of 1 gm. of creatinine is followed by an increased 


- exeretion. In two instances the administration of creatine in doses of = 
2°33 gm. and 1:07 gm. appears from their table to have been followed z 


by an increased excretion of that substance and of creatinine. — 


~ Towles and Voegtlin® give the results of a very careful series of 


observations upon the excretion of creatine and creatinine in the 


normal dog, and in the dog with Eck 's fistula. They conclude that the 


liver is not an organ of prime importance in oe ee 


Present 


te W to test the question in the simpler metabolism of ‘the bird : 


we have excluded the liver from the circulation in ducks and geese by 


the method of Kausch“ the small branches entering the left lobe of 


the liver being ligatured before the portal. An artificial anus was 


"made as described in a previous paper“, and the urine was collected from | 


the cloacal orifice in a special metabolism cage. 


‘The animals, as shown by Minkowski, Kausch and others, live 
only for a short time, generally for less than 24 hours. But in that 
period, as these investigators have shown, the character of the urine — 
markedly changes, the proportion of nitrogen in uric acid decreasing : 


and that in ammonia rising. 
Most of the operations were performed by W. C. Mackie; the 


) rest of the work was done by D. Nos! Paton. ‘The creatine was | 


Zeit. f. physiol. Chem. p. 466. | 
Journ. of Biol. Chem. 1x. p. 369. 1911. 5. 470. 1 
* Arch, J. exp. Futk. u. Pharm. XXII. p. 219. Cos. eit. p. 487. 


ys 
8 
4 
2 
72 
j 
2 
5 
J * 
“= 
W 
7 * 
— 
= 
* 
~ 
* 
9 
* 
— ĩß̃—ʒÿ4Lwc — 
2 
| 
| 
vi 12 
> 
| 
| 
— 
* 
* 
* 
| 
| 
| 
3 
* 2 | * 
ta 
2 | 
| 
ug 
* 
‘ 
eal 
4 


WHE. LIVER AND OREATINE, 


determined as creatinine by Folin’s method. In each expeximonit the 
condition of the liver was determined by post mortem examination as 
to the completeness of exclusion and by microscopic examination as to 
the condition of the cells. We have to thank. _— Muir for his 
kindness in examining these livers for us. 

A series of check experiments were performed by making an 
artificial anus without ligaturing the portal veins and afterwards 
and examining the urine. 


Exp. 1. Duck. sna 
artificial anus, at 4 p.m. on Nov. 14th, 1911. The duck appeared well at 6 p.m. It was 
found dead in the morning. Microscopic examination of the liver showed complete 
degeneration. 
deposit. Sp. G. 1010. tied 
Total nitrogen=0°199 p.. 

Creatine in to 250 read 7.0=58 mg.=0000 pe 
=0-0107 p.c. N. =5°3 p. e. of total nitrogen. 


Exr. 2. Goose, Fasted on Nov. 27th, 1911. 
anus at 2.15 p.m. The animal seemed well after the operation and took water. It was 
found dead in the morning. Liver showed right lobe soft and reddish, left lobe hard and 
friable. - Microscopically the cells showed only a slight loss of nuclear staining. 5 

Urine on morning of November 29th = 160 c.0. Sp. G. 1008. 

Total nitrogen 0616 p. o. 

Orentins (as creatinine): 50 6.6. evaporated in vacuo at 60° C. 9 
= = 00, p.c. of total nitrogen. 


Exe. 8. Duck. Portal ligature and artificial anus at 11 a.m. on Dec. 7th, 1911. The 
duck died in the night. At 4.80 p.m. 20 C. 0. of urine had been passed and were rejected. 
In the morning 57 c.c. were collected. Tha reaction was very acid and the Sp. G. 1014. 
Total nitrogen=0-200 p. o. 

Creatine, 20 0. o. made up to 250 read nc. p.c.=00108 p. e. N. 
25 p. O. of total nitrogen. 

The liver of the proms being more inthe right 
than in the left lobe, 


‘Exp. 4. Duck. Portal ligature and artificial anus on Feb. 18th, 1912, at 4 p.m. 
Later the duck had 100 ¢,c. of water, It appeared well at night but was found dead in 
the morning. On microscopic examination the left lobe of the liver showed little change: 
de right lobe showed distinct | | 
95 c.c. made up to 100 1 008 pa. 
=6°7 p.. of total nitrogen. 


A summary of these results is given in Table I. 
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Creatine 


Ne. 
0°029 


0-012 


TABLE Urine aftr complete ligature of portal win, 


Creatine N. 
P. c. 
0˙0107 
0˙0044 
00108 


Total N. 


0-199 


74 
Average “607 


Checks. These scien are not given in detail. An artificial 


anus was made without ligaturing the portal vein. In some experi- 


ments the urine was not collected on the morning after the operation, 


the operation. 


Creatine 


pe. 


00207 


0-087 , 
0-247 
0-042 
0-065 


0.06 
00705 
0-0295 


on 
0-269 


Average 604 


8 of the were in the bird, which 1 80 marked a 
change in the distribution of nitrogen in uric acid and ammonia, has no 
effect upon the proportion in creatine. _ 
This seems to indicate that in the bird the e ‘not connected 
with the metabolism of creatine. 3 5 


Creatine N. 
p. c. T. N. 


5-80 
410 
6-50 


4°40 


780 
060 
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1st 
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| THE ANTI-COAGULANTS IN BLOOD AND SERUM. 


Bx B. J. “COLLINGWOOD, M D., Professor of Physiology, 
University College, Dublin, AND M. T. MacMAHON, B.Sc. 


eee Physiological Laboratory, University College, Dublin.) 


Tun purpose of this paper is to record certain experiments concerned 
with the action of anti-coagulants and to bring forward the conclusions 
which appear to us to arise therefrom. The nomenclature employed 
will be that of Pawlow and Morawitz. The interpretation we _— 
on their terminology is the following: 


Thrombin is that body which when calcium-free will coagulate 
oxalated blood. 
 Thrombokinase’is that body present in tissue extracts which when 
added to blood ‘hastens its coagulation, but which when n bes 
will not coagulate oxalated blood. 3 
_. Prothrombin is that body present in blood and in en 
solutions (Mellanby) which when added to thrombokinase and 5 


brings about the production of thrombin. 


The thrombin employed was prepared by Gamgee’ 8 3 1.6. 35 


extracting washed fibrin with 5 % NaCl solution, For this purpose 
sheep's fibrin was used. This always produced a very active thrombin. 
The tissue extracts were prepared by pounding tissues with sand 


and extracting with distilled water. The thymus or testis of a rabbit 


was the tissue used. 


The interpretation of terms given above is an 1 to express 
the results of experiment without any admixture with theory. That 


three bodies exist with these attributes is demonstrable, but in giving 


them names we do not intend to imply any more than if we called them 
A, B and C. 


Method. The following method was employed to determine co- 


: agulation times. The blood to be investigated was placed on a piece of 
glass In certain instances the experiment was conducted at room 
‘temperature, in others on the top of a water bath. These instances 


PH. XI v. | | 9 
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will be noted. A very fine piece of glass was pulled out in the flame 


and this was drawn through the blood at short intervals of time until 


a clot adhered. There is no doubt that this method is capable of 


discovering extremely fine threads of fibrin and gives remarkably 
accurate results. In a few experiments the blood was sealed in a 
capillary tube and placed in a water bath, In these cases the occurrence 
ol coagulation was determined by the naked eye appearance and by 

blowing the contents of the tube on to filter paper (Almroth Wright). 
: In every instance the blood used was human blood drawn by 


puncture with a sterile glass needle from the tip of the finger. The 


results of the experiments are thus only applicable to human blood. 
Care was taken that the blood drawn should not be contaminated by 


the dried blood of a previous puncture, a very necessary precaution. — 
The amounts of blood used were in all instances small, and the various 


mixtures entailed by the experiments were made by the capillary tube 


methods which have been so highly developed by Sir Almroth 


Wright. 


The term anti-coagulant is used in preference to anti-ferment 
because it leaves open the question whether any specified inhibition of 


coagulation is due to a true anti-body to one or othér of the factots of 


’ coagulation. For instance, serum destroys the activity of thrombokinase, 


but there are reasons for doubting that this destruction is due entirely 
to an anti-thrombokinase, yet this destruction is certainly anti-coagulant 


in action in that it removes one of the essentials to the formation of a 
coagulum. On the other hand, the power of destroying thrombin which 


exists in blood and serum shows strong evidence of being due to a true 


anti-body. In the first instance some at least of the thrombokinase can 


be recovered by suitable treatment, in the second instance the thrombin 
is irrecoverable. In this difference rests the distinction we intend 
between the terms a simple anti-coagulant and a true anti- bod). 


in nd trem, 


55 Mellanby' injected a large amount of thrombin into a er 1 
inducing intravascular coagulation. More recently Davis? has obtained 
similar results, Both these observers interpret the absence of intra- 


vascular clotting as dependent on the presence of anti-thrombin in the 


_ circulating blood. By a direct method we arrived at a similar on- 


clusion, Blood was oxalated and heated to 56°C. for ten minutes, it 


bis Journal, xxxvm, p. 501. 19000. Amer. Journ. Physiol, xxx. p. 160. 1912. | 
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was then mixed with an equal bulk of thrombin. No clotting occurred, 
the previous heating having effectually rendered the fibrinogen incapable 
of coagulation. The mixture was kept at room temperature and its 
activity tested at intérvals by adding some of it to an equal bulk of 
oxalated blood and estimating the coagulation time of these various 
Samples. 


1, 
A. 5 minutes 45 seconds — 
B. 10 ” 50 ” 
O. 20 * ” 
D. 30 ” 3 106 ” 


Thrombin +-equal balk of oxalated blood-—ong. 


This table indicates that a rapid destruction of thrombin takes : 
| 4 in blood. It will be observed that the thrombin was very active 
(E, and that it was nearly but not completely destroyed in 30 minutes 
It is still easier to demonstrate the . of thrombin in 
serum. Mellanby’ using bird’s serum showed that it possessed a well 
marked power of destroying thrombin rapidly. Working on similar 
lines but using human serum and Gamgee’s thrombin, as throughout 
these experiments, we arrived at the same conclusion. Two days old 


human serum was oxalated and mixed with an equal bulk of thrombin. ae 


The mixture was kept at room temperature and its activity was tested 
at intervals by adding some of it to an equal bulk of oxalated blood and 
estimating the coagulation time of these various samples, = 


II. 
B. 10 ” ; 90 ” 
No clot in 15 mins. 


| “he case of the oxalated heated blood. The question arose whether 


this difference was due to a greater amount of destructive power in 
serum, or to the heating of the blood having destroyed a certain amount 
of its power of inactivating thrombin. To answer this question two 
days old serum was oralated and heated to 56°C. for ten minutes. It 
was then mixed with an equal bulk of thrombin and its — 
activity tested as in Tables I and II. | 

I Journal, p. 64. 1908. 
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D. 80 „ „ 


The next, table is given to compare the 3 obtained with 4 
oxalated heated blood, with oxalated heated serum and with oxalated ~« = 
serum after 30 minutes incubation with thrombin and subsequent 


mixing with oxalated blood. : 

Tn IV. A. Oxalated heated time 195 seconds. 
: B. Oxalated heated serum. | 
O. Oxalated serum. bee a No clot in 15 minutes. 8 

This comparison indicates a diminution in power of destroying a 

thrombin in both oxalated heated blood and oxalated heated serum as * 

compared with unheated oxalated serum. The fall in both thee = 

instances (A and B) is approximately the same, the small difference a 

shown being within the limits of experimental error. ‘= 

Mellanby was unable by the addition of alkali and subsequent a 

neutralisation to reactivate the thrombin destroyed in serum, neither 1 

was he able to do so by means of alcohol which he has shown readily 5 

destroys the power of serum to inactivate thrombin. As will be seen eo 

later in another connection we were also unable to reactivate thrombin 2g 

in serum (Tables XI and XII). It is reasonable to conclude that serum 5 


and blood both contain anti- thrombin in considerable and approximately 
the same amounts, for there are here indications of a true anti- body 3 
and not merely of adsorption of thrombin by the proteins present. 2 
The existence of anti-thrombin in serum being thus demonstrable it : 

is evident that old sera can contain no thrombin. Mellanby? states 
that serum after standing one hour after coagulation contains practically 7 
no thrombin. We were able to confirm this statement. Freshly shed 
blood was allowed to clot and immediately centrifuged, samples of the a 
serum were taken at intervals and oxalated and — thrombin . a 
tested by adding them to oxalated blood. 1 
Tau V. Interval after blood was shed | 


A. 10 minutes. 4 minutes, 
B. 16 „ wins, minute thread. 


300 mins. minute thread. 


2 
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It will be seen that after half an hour the amount of thrombin 
present in the serum was very small, and that after two hours there was 
none present. It is owing to this rapid destruction of thrombin in 
serum that Mellanby is of opinion that Schmidt's so-called fibrin 
_ ferment as usually prepared can contain little or no thrombin, but that 
its coagulant power is due to the presence of thrombokinase and 
calcium salts, for unless the serum used be just formed the thrombin — 
will be destroyed by anti-thrombin and the alcohol subsequently added 
will not reactivate the thrombin. The recent work of Rettger? can be 
criticised from this standpoint. This observer states that Schmidt's 
_ fibrin ferment if free from protein is heat stable, and on this ground 
concludes that thrombin is not a ferment. This conclusion rests on two 
dubious premises, Firstly it is extremely doubtful whether the solution 
be used contained any thrombin at all, and secondly it is not certain 
that if a ferment could be entirely freed from proteins, it would be 
destroyed by boiling. The following procedure was adopted by 
Rettger. He boiled for ten minutes some Schmidt's fibrin ferment 
which was approximately protein free, he added this to a fibrinogen 
solution and obtained no coagulation. He then incubated the boiled 
solution with a “trace of dilute NaOH.“ On adding this incubated 
mixture to fibrinogen solution coagulation occurred. To test the 
validity of his conclusions we made the following experiments. 
Thrombin (Gamgee's) was boiled for ten minutes and then added to 
oxalated blood. No coagulation occurred. The boiled solution was 
then incubated with a trace of dilute NaOH and added to oxalated 
blood. No coagulation occurred. The thrombin used contained some 
protein and the absence of reactivation may have been due to the 
presence of this protein. But a much more probable explanation of 
this divergence from Rettger’s results was that it was the thrombo- 
kinase in Schmidt's fibrin ferment which he succeeded in reactivating 
and not thrombin. To determine whether this were a possible ex- 
planation we proceeded as follows. Thrombokinase solution obtained 
from a rabbit 's testis was boiled for ten minutes and then added to an 
equal bulk of freshly shed blood. Coagulation occurred in two and a 

half minutes on a water bath at 43° C., which is the normal coagulation 
time in these conditions of temperature. The boiled thrombokinase 
was then incubated with a trace of dilute NaOH as before. The 
incubated mixture was then added to freshly drawn blood. Coagulation 
occurred in 30 seconds on the water bath as above. It is thus clear 

1 Amer. Journ. Physiol. XXIV. p. 406, 1909. tas 
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12% B. J. COLLINGWOOD AND M. T. MacoMAHON. 
that thrombokinase rendered inactive by boiling can be reactivated by 


the addition of dilute NaOH. In the light of the above experiments 


and in the absence of any evidence to the contrary one must pro- 
visionally conclude that Rettger’s results depended on the reactivation 
of thrombokinase and not of thrombin, The confusion of these two 


bodies is sure to occur unless all so-called fibrin ferment solutions are 


tested by determining whether they will or will not coagulate oxalated 
blood when calcium-free themselves. 

Mellanby has drawn attention to the ential protection afforded 
against anti-thrombin by fibrin to the thrombin which is attached to it 
in a coagulum. The method of Gamgee for the preparation of 
thrombin is an illustration of this protection, for there is no immediate 


necessity to wash the fibrin although the blood with which it is soaked — 


is rich in anti-thrombin, The thrombin by virtue of its attachment to 
the fibrin is to a certain degree protected from the action of the anti- 
thrombin. Adopting the view that thrombin is a ferment and making use 


of Ehrlich’s terminology, one might express the above facts by stating — 


that anti-thrombin acts by attaching itself to the tibrinophilic haptophore 
group of the thrombin, and that the protective action of fibrin is 
dependent on the fibrin covering this fibrinophilic group. On such a 
hypothesis the haptophore group would be the prothrombin which, as 
Mellanby has shown, is closely attached to the fibrinogen in blood. 
This would lead us further to expect that anti-thrombin would be 0nd 


_ Before even provisionally adopting the theory just 8 it 


: 3 be necessary to prove the existence of anti- prothrombin. There 


are several reasons for denying the existence of this anti- body, but 
whether these reasons be conclusive is another matter. The following 


arguments may be brought forward against the presence of this body in | 


the blood, 
I. Oxalated plasma maintains for days its normal power of clotting 


on the addition of en, Therefore prothrombin is not 58 55 


oxalated plasma. 


Prothrombin i is a ‘constituent of circulating blood, as 8 by 
intravascular coagulation following the injection of thrombokinase.. 


appears * that e should also de a — 


of blood. 
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III. Mellanby has shown that a serum obtained from bird's 
s coagulated by thrombin contained prothrombin four hours after 
coagulation. It has already been noted that — is destroyed 
a in two hours in serum. A 

Now it is to be observed that to render these arguments conclusive 
I. Prothrombin in blood, plasma and serum is in à free, state 
capable of union with anti-prothrombin. 

II. That a supposititious prothrombin anti-prothrombin complex is 


imncapable of dissociation by thrombokinase. Howell! has recently 


advanced a theory that the action of thrombokinase is to produce this 
very dissociation. 
Firstly as to the question whether prothrombin i is in a free state in 


the blood, Mellanby has shown that all solutions of fibrinogen however 


obtained contain prothrombin; in other words, that there is a very 
intimate connection between fibrinogen and prothrombin. Hence the 
existence of prothrombin in the blood does not exclude the possibility 
ol the existence of anti-prothrombin, for the connection of prothrombin 


with fibrinogen might act as a protection against the anti- prothrombin. 


But if anti-prothrombin be present in blood, there would seem to be no 
reason why it should not also be present in serum. Mellanby’s ex- 
_ periment quoted above seems at first sight to preclude its existence in 
the latter fluid. The validity of this conclusion again depends on the 
supposition that prothrombin was free in the serum Mellanby obtained 
and not associated with fibrinogen or some other protein. Such a 
supposition we regard as dubious in the light of the following experi- 
‘ments, Blood was oxalated by adding to it half its bulk of 125 
potassium oxalate and was then mixed with an equal bulk of thrombin 
solution, Complete coagulation resulted, complete coagulation being 
defined as coagulation which allows of the inversion of the containing 
vessel without any escape of fluid from the clot. The serum was taken 
after three hours = &. 
These experiments prove that complete coagulation of oxalated — 
blood by thrombin may produce a serum which on the addition of 
more thrombin will coagulate (E). Such a serum must contain 
fibrinogen. This serum also contains prothrombin after 3 hours (cf. A 
and B) and also after 34 hours (C). It must also be noted that this 
: serum contained. both thrombin and fibrinogen without ‘Spontaneously 


1 Amer. Journ. Physiol. XI. p. 187. 1911. 
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126 B. J. COLLINGWOOD AND M. T. MaoMAHON. 
clotting and both these bodies being in a free state (B and E). Such a 


condition may be compared to free toxin and free anti-toxin existing 
together in the same solution. The thrombin in the seram, it will be 
observed, ultimately disappeared (D) whilst the fibrinogen remained (E) 


Thus in the existing dilutions the thrombin had a greater affinity for 


the anti-thrombin than for the fibrinogen. Mellanby’ has shown an 


e condition of affinity to exist in normal blood. 


VI. 1871 thrombokinase’+1 CaCl, incubated for b minutes at room tem | 


peratare= 

lot in 15 we, large in 
Ke 18+1 oxalated blood—small clot in 20 seos., still small in 15 mins. 

Original serum after 34 hours= SS. | 


188 thrombokinase +1 OaCl, incubated for mins. at room temperature = $5" 


D. 18S+1 oxalated blood—no clot in 15 mins. 
E. SS+ trace of thrombin—marked clot in 2 mins. : 


Examining Mellanby’s results from the of the 


5 one observes that there is no proof that the serum he used 
contained no fibrinogen. If it did contain fibrinogen, this body could 
act as a protection to the prothrombin from the hypothetical anti- 
prothrombin, One cannot, therefore, eliminate the possibility of the 
existence of one 8 in blood or in serum on the grounds of 
his experiment, 

There are on the other hand certain facts which suggest the 
existence of anti-prothrombin. Blood contains anti-thrombin in con- 


siderable amounts but contains at the most only a small amount of 


anti-thrombokinase as will be seen later. Anti-thrombin is accordingly 
not an anti-thrombokinase. If we elect to regard thrombin as a 


combination of prothrombin and thrombokinase, we should expect that 
anti-thrombin would be either anti- thrombokinase or anti-prothrombin. 


Since it is not anti-thrombokinase there is some reason for regarding 


it as identical with anti-prothrombin. Experimental evidence will be 


brought forward pointing to the possible existence ol anti- prothrombin 

in considerable amount in serum. 

Attention should be drawn to the important fact that what appears 

to the eye to be complete. ooagulation does not necessarily imply that 

uo — is left free after the process in the “we serum. That 
| This Journal, p. 86. 
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such is the case renders it uncertain J 
strict sense complete. 


The inability to demonstrate a dot in serum on the addition of 
thrombin cannot be taken as a proof that no fibrinogen is present, since 


one would not expect a trace of fibrinogen to produce a macroscopic 


clot. There are certain dilutions of blood in which clotting does not 
occur. This fact is illustrated by the method of Nolf and Herey to 
determine the relative amounts in plasma of fibrinogen, prothrombin 
and thrombokinase’. Further the experiments just described show 


that the presence of free thrombin is no proof of the absence of a 


fibrinogen. Several questions are suggested by these considerations. 
1. Is coagulation by thrombin of a thrombokinase-free plasma 


complete in a strict sense, that is to say dom it produce a fibrinogen- 


free serum ? 


2. If the serum produced be fibrinogen-free, is the prothrombin 
associated with some other protein in the serum? 


3. If the prothrombin be associated with some 3 does this 


_ association protect it from anti-prothrombin ? 


4. If the serum contain traces of fibrinogen, is the prothrombin all 


associated with fibrinogen, and if not is the remainder free, or is it 
associated with some other protein in the serum? 

Until light is thrown on these questions it is impossible either to 
deny definitely or to assert definitely the existence of anti- prothrombin. 
It may be noted here that Mellanby’s usual method of preparing sera 
containing prothrombin was to use a minimum amount of thrombin. 
This would suggest that the sera would contain fibrinogen. In his 


experiment quoted above, however, he does not mention the amount 


of thrombin he added to the bird's plasma. The following ex peri- 
ments (Tables VII, VIII and IX) were designed to determine the 
amount of permanence exhibited by prothrombin in serum to which 
nothing was added and in serum which had been incubated with various 
substances. Oxalated blood was completely clotted by thrombin, the 
containing vessel being inverted without the escape of any fluid. The 
clot. was then centrifuged. The serum obtained was treated as shown 
in the tables, and its prothrombin, thrombin and thrombokinase content 
-tested at intervals. 

Table VII is confirmatory of Mellanby’s statements in that it 
‘shows. no evidence of destruction of —— The e of 
was only 45 minutes. 
Rew. de Méd. 1909 and 1010. 
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Oral. blood 2 parts 
Ca Caloium chloride. 
K=Thrombokinase solution. 


+Ca+K-+oxal. blood = incubation with calcium and in 
Tables VII and VIII, and 4} minutes in Table IX), the incubated mixture then 


and added to oxalate’ blood. 
of water for 
thrombokinase. 


Incubation with water, thrombin, ete. admixture of two parts of the seram with one ; 


“TABLE VIL. Poriod after coagulation, 


tun 45 mins. 


Untreated oral. blood +0a+K-+oxal. oral. 


Cong. time Noclot ... Noclot .. Clot in 60 sees. in 47 secs. 


Conclusions No thrombin No prothromboki- Prothrombin Prothrombinpre- 


present present sent, not dimin- 
kinase present ished in amount 


ad Th othe rm ibe v 


TABLE VIII. Period after coagulation, — 
About 10 minutes About two hours 


was added as a control, but the tables show it produced a marked 
_ diminution in prothrombin, The 5% NaCl was added to control the 


Coag.time Clos in 945" Noclotin 90 
Conclusions Somethrombin Some prothrombin No thrombin or pro- 


The absence of prothrombokinase and of thrombokinase is of interest 


and will be alluded to later when dealing with these substances, 


In Table IX the influence on prothrombin of thrombin, water and 


5% NaCl was investigated. The thrombin was added on the supposition 
that the prothrombin present might have been associated with fibrinogen 


and that the thrombin would break down this association and show 


whether active prothrombin was or was not left in solution. The water 


experiment of incubation with thrombin in 5°/, ‘NaCl solution. The 


conclusions from these — may be tabulated as follows: 
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 ANTI-COAGULANTS OF BLOOD. 128 
I. Oxalated blood clotted with thrombin produces a serum con- 


nn prothrombin, the amount varying in different specimens. 


II. This serum may (Table VIII) or may not (Tables VII and IX) 


contain thrombin. If it does contain thrombin, e eee 

destroyed. 

III. This serum may contain fibrinogen (Table VI E) | 
IV, This serum in samples investigated contained no prothrombo- 

kinase or thrombokinase (Tables VII and IX). 


V. The prothrombin in this serum exhibited a diminution on 
nati in Tables VIII and IX. 

VI. Incubation of the serum with thrombin or water or 5% NaCl 
dimiantion in the prothrombin ef worse marked charnoter 
than occurred in untreated serum (Table IX). The most marked 
diminution being shown in the case of incubation with thrombin. 


TABLE EX. A. Period after coagulation, 


Twenty minutes | Two hours 


+Oa+H,0 + oral. +0a+K+oxal. +0a+K+ oral. 


serum : blood blood blood 
Cong. time No clot in 80 mins. Noclotin30mins, Clot in 25 secs. Clot in 60 secs. 
—— No thrombin pre- No prothromboki- Prothrombin Prothrombin pre- 


sent | nase or thrombo- *. nent but in amall -- 


er am, 


in By Halo wth te, 
or with 5 % 


20 mins. min, ming Conclusions 
+OCa+K+ +0a+K+ +004+K+ TK 
oxal. blood oral. blood oral. blood oral. blood 
8 8 No clot in 50 No observa- No observa- Rapid disap- 
mins. tion tion pearance of 
Water Ber- Clot in 1’ 40” Clot in 2 45” No observa- No clot in 20 Lessrapiddis- 
6 % Clot in 1’ 20” No observa- No clot in 20 No observa- Stilllessrapid 


‘The same serum was used in A and B. 
Tue fact that thrombin, water and 5% NaCl all produce a diminution 


Lin prothwombin renders it very dangerous to dogmatise on a specific 
action of thrombin, although such an action is suggested by the greater 
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destructive power shown by thrombin. The instability of prothrombin 
is the most obvious fact arising from these experiments, but whether 
this instability is due to the inherent nature of prothrombin, or to the 
presence of an anti-prothrombin, or to a combination of these causes is 
not disclosed. An investigation into the mode of action of water in 


destroying prothrombin appeared to us to be the most promising means 


of elucidating the matter. The following question was suggested: 

Is prothrombin under all conditions destroyed by water? This 
question can be answered in the negative because (1) fibrinogen solutions 
containing active prothrombin can be prepared by the dilution of plasma 
with a large bulk of distilled water, and (2) oxalated blood to which 
water is added maintains its power unimpaired of coagulating on * 
fication.” This fact f is shown by the following — | 


. 8 parts blood 1 part K oxalate=4. 


12˙5 
| 1 part 4+1 part distilled water = WA. 
Aimmediately — 4 minutes 
A atter about 5 hours 
WA ” 38 9° 


Cong. time of freshly shed blood—4} minutes. 
e in association with fibrinogen is, therefore, not 1 


by water. This point being established it indicates that the prothrombin. 


in Tables VIII and IX was not associated with fibrinogen. A further 
question now arises. 

Is prothrombin when not associated with fibrinogen always destroyed 
by water, or is it only destroyed in serum obtained from blood and not 
in serum obtained from pure fibrinogen solutions ? 

II such a distinction as the above can be established, it entails the 


existence of anti-prothrombin in serum. The following experiment was 


performed to discover whether incubation with water destroyed pro- 
thrombin in serum obtained by clotting fibrinogen solution by thrombin. 
The fibrinogen was obtained by diluting oxalate plasma with nineteen 
times its bulk of distilled water and neutralising with dilute acetic acid. 
The fibrinogen was redissolved and thrombin added. Partial but not 


complete coagulation occurred. The prothrombin content of the serum 


was tested at intervals in the untreated serum and also in the serum to 
which water had been added and the mixture allowed to stand, As the 
experiments were not completely satisfactory owing to the absence of 


e coagulation, a 8 statement of the — will suffice. 
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Both in the treated and in the untreated sera the prothrombin dimivished 
in amount on standing, and but little difference in the rate of diminution 
was shown in the two cases, although there were indications that the 


< most marked diminution occurred in the serum incubated with water. 


The failure of this experiment to afford a definite result renders it 
impossible to state with certainty whether prothrombin in serum 
incubated with water is destroyed by the water, or by an anti- 
prothrombin. We are forced therefore to leave the question of the 
existence of anti-prothrombin in doubt. Apart from this question it 
appears to us probable that the stability exhibited by the prothrombin 
in the serum obtained by Mellanby was due to the prothrombin being 
in association with fibrinogen, in other words to the absence of — 
coagulation in the strict sense. | 

The action of water in destroying prothrombin (Table Ix B) i is of 

interest in connection with Howell’s recently published views on the 
action of thrombokinase’. His theory will be dealt with later with 
more detail; it will be sufficient to state here that he believes a 
prothrombin anti-thrombin complex to exist in the blood which complex 
is broken down by thrombokinase and dissociated or weakened by water. 
We have found, on the contrary, in the above experiments that the 
action of water is to lead to the destruction of prothrombin and not to 
its liberation from an anti-body. There can be little doubt that 
prothrombin exists in the blood in association with fibrinogen and not 
with an anti-body, and that stability of prothrombin depends on this 
association, the breaking down of which leads to the ——— 25 
not activation of 


— 


pes 


standing which indicate the disappearance of thrombokinase. Fresh 
serum as has already been stated contains some thrombin, but this is 
almost entirely destroyed in an hour (Table V). After the disappearance 
of the thrombin the serum if added to freshly shed blood hastens its 
coagulation. But this action also disappears after an interval of many 
hours. In the following table is shown the result of mixing sera of 
various ages with freshly drawn blood and noting the ee time 


Amer. Tourn. Phys, xxxx, p. 187, 1911. 
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A. I hour 
B. 2 ” ” 

D. 44 „ 1 


Cong. ine of fresh asine, 


Those figures show a well marked 
activity in the serum, but they do not show to what body or bodies the 
coagulant activity is due. That it cannot be due to thrombin is shown 


by Table V, where ouly a trace of thrombin was found in serum half an 


hour old. That it is not due to prothrombin may be taken as certain, 
for if normal serum, in contradistinction to serum from oxalated blood 
clotted with thrombin, be incubated with thrombokinase, no thrombin 


is formed; therefore no prothrombin is present in normal serum. Again 


even although prothrombin were present, there is no evidence that the 
addition of prothrombin to normal blood increases its coagulability. It 
is only in the case of hemophilic blood that there is any reason for 
supposing that the addition of prothrombin causes such an increase’. 


Since then it is neither thrombin nor prothrombin which is responsible 


for the coagulant action of serum, we arrive by a process of exclusion 


at the conclusion that the coagulant present is thrombokinase. The loss 


of coagulant activity is accordingly due to the disappearance of this 
body, which it will be observed has almost entirely gone in serum 


20 hours old (C). This is of interest in relation to the treatment of 


hemoptysis by the injection of normal serum. Such a serum when 


injected is at least several days old. The relief of hemoptysis alleged 


to follow this treatment cannot be assigned to either thrombin, pro- 


thrombin or thrombokinase in the serum, since it will contain none of 


these bodies. 

The question whether the disappearance of thrombokinase in serum 
is due partly or entirely to an anti-thrombokinase can be so far answered 
definitely by the statement that it is not due entirely to an anti- 
thrombokinase. Experiments justifying this statement will be given 
later (Tables XI and XII). Whether it is due partly to an anti- 


thrombokinase is not so easy to answer. It will be seen subsequently _ 


(Table XV) that in the case of blood there is reason for believing that 


anti-thrombokinase is present in small amounts. If that be so in blood. 


it is probable that it is also so in serum. Again a study of Table X 


shows that in the first hour of ee : 


Journ. Path, xv. p. 427. 1911. 
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suggests that two factors may be at work, an anti-thrombokinase and 
some other more slowly acting factor. The slowness of destruction in 
the later period should be compared with the rapidity of destruction of 
thrombin in serum in the later period (Table V, B,C and D). Thrombin 
is continuously rapidly destroyed, whereas thrombokinase is rapidly 
destroyed at first but only slowly destroyed in the later periods. This 
slow destruction is, as will be shown, not due to a true anti- body, for 
the fesultant is of a different nature to the thrombin anti-thrombin 
complex. Mellanby' was unable, as already stated, to reactivate 


_ thrombin after its destruction by anti-thrombin. On the other hand, 


some at least of the inactivated thrombokinase in serum can be re- 
activated by the addition of acid or alkali and subsequent neutralisation 


as shown by Schmidt, Morawitz, Fuld and Mellanby, the former 


three observers interpreting the resulting increased coagulating power 
of the serum as some form of fibrin ferment, whilst Mellanby showed 
that the increased power was due to thrombokinase. The following 
table illustrates this increased coagulating power after the addition of 
acid. 


Tana II. A. Serum bulk shed blood—coag. time 110 sea, on top 


of water bath at 58° C. 


B. Oxalated soram.-equal balk oxalated blood—no clot in 80 mins, in water bath 


at 30° C. 


d. Water r equal bulk freshly shed blood—coag, time 115 seos., on top of water bath 
at 58° O. 


two bulk of this 


mixture added to one bulk of 10 E. 80. - RG 


D. 
E. Ditto +ditto—coag. time 50 secs., on top of water bath at 58° 0. | 
F. Oxalated RS + equal bulk oxalated blood no clot in 30 mins., in water bath at 80°C. 


be following conclusions can be drawn from this table— 

1. The untreated serum —— practically no thrombokinase 
(et A and O). 

2. Neither the untreated nor the treated serum contained any 
thrombin (B and F). 

3. 
reactivation of the thrombokinase, but whether this reactivation was 
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The question arose whether the reactivation exhibited was due to a 


specific action of alkali and acid, or to the dilution and incubation in 
themselves, or merely to the dilution. The following experiments show 
which of these alternatives is correct. _ serum used was the same 
as in Table XI. 


Tum XII. Serum +equal bulk incubated halt an hour at 30° O, two bulks of 
this mixture added to one bulk H,O = 


time 60 ces, on top of water bath 


B. Ditto +ditto.—ocoag. time 57 sees., on top of water bath at 58° C. Re 
90. Oxalated WS + oxalated blood—no clot in 80 mins., in water bath at 30 C. 
One bulk serum + two bulks Ns. 


at 58° 0. 

Tk ee eee time 75 secs., on top of water bath at 58° C. 

The following conclusions can be drawn from this table:— — 

1. Incubation with water produces a similar increase of 3 
ine power to incubation with alkali and subsequent a 
(D and E, Table XI and A and B, Table XII). 

2. Dilution with water without incubation produces some increase 
of ‘coagulating power but less in extent than in the former cases a 
and E, Table XII) 

3. Neither incubation with alkali and subsequent neutralisation 
nor incubation with water reactivates any thrombin F. Table XI and 
C, Table XII). 

These results (Tables XI and XII) point to the conclusion that the 
thrombokinase which is reactivated was not previously united to a 
true anti-thrombokinase, but was, as Mellanby suggests, adsorbed to 
protein. The release of the thrombokinase produced by incubation 
with water points again to the release being a dissociation pheno- 

It might be well here to draw attention to the difference between 


the results of incubation with water of a prothrombin containing serum 


and a thrombokinase containing serum. In the former case prothrom- 


bin quickly shows: signs of inactivation, in the latter case eee 
— immediate signs of activation. 


"Destruction of thrombokinase in blood. 


At first sight it would seem that thrombokinase is not . in 
blood since oxalated blood maintains for days its power of clotting on 


the addition of calcium. There is thus an apparent difference between 


the action of blood and serum on thrombokinase. Careful investigation 


D. WW8+ equal bulk freshly shed blood—ooag. time 75 secs., on top of water bath 
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lends no support to the conclusion that this difference is more than 
apparent. It can be shown that thrombokinase exists in two forms, the 
first of which is found in blood immediately it is shed, the second of 
which is formed in blood in the period after it is shed and before it 
clots, The first of these is not destroyed in oxalated blood, the second 
of these is destroyed in oxalated blood, and it is the second of these 
alone which exists and is destroyed in serum. The following Tables 
(XIII to XVI) illustrate these facts. In the experiments below blood 
was drawn and oxalated after various intervals, and after a few minutes’ 
interval samples were recalcified and the clotting times noted at room 


temperature. In no instance did the oxalated blood clot ——, 
within one hour. 


Tape shedding ot 
A. 4 minutes 8 minutes 
B. 5 ” 39 
0. 6 ” 
D. 7 ” 
E. 
time of ‘blood at room teniperatare 10 minutes N.B.— "This time is longer than j 


the normal, This is probably due to the low temperature of room in above experiments. 


This table shows that after blood is shed some change occurs pre- 
liminary to the formation of thrombin, the result of this change 
declaring itself in the shorter clotting times of the samples which have 
been oxalated at longer intervals after shedding. That thrombin is not 
formed during this process is proved by the fact that the oxalated 
samples did not clot without the addition of calcium. That this process 
was the formation of thrombokinase is indicated by the fact that throm- 
bokinase is the only factor essential to coagulation which is absent from 
circulating blood. This leads us to conclude that there is a precursor 
of thrombokinase in freshly shed blood, which may be termed prothrom- 
bokinase, this body being present in freshly shed blood, and being 
converted by calcium into thrombokinase. The thrombokinase formed 
is incapable of activating: prothrombin in oxalated blood but requires 
the addition of calcium to bring about such an activation. Thrombin, 
in the light of these figures, is a late formation in the time which 
elapses after blood is shed before coagulation occurs, the greater portion 
of the coagulation time being occupied by the conversion of prothrom- 
bokinase into thrombokinase. The latter samples (D and E) contain 
more thrombokinase and less prothrombokinase than the earlier 
samples (A and B). Calcium thus plays a double réle, firstly convert- 
ing prothrombokinase into thrombokinase, secondly enabling thrombo- 
_ kinase to convert prothrombin into thrombin. 
| PH. XLV. 10 
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It has been stated already that prothrombokinase is not destroyed 
in oxalated blood but that thrombokinase is destroyed. This con- 
clusion is drawn from the table given below. Blood was drawn 
and allowed to stand some time at room temperature before it was 
oxalated with the object of allowing the calcium in the blood to convert 
some of the prothrombokinase into thrombokinase. Samples of 721 
oxalated blood were then recalcified at intervals. | 
Wher recalcificd ¢ temperature 
B. After 20 hours 62 os 
. After 20 hours with thrombokinase added. 8 
II. Blood allowed to sand 2) minoie at oom temperatare belore 


When recalcified 75 85 on witer bath at C. 
D. Immediately 38 seconds 
F. After 20 hours with thrombokinase added 40 „ 


11 will be observed that both samples of oxalated blood which had 
stood for 20 hours (B and E) gave on recalcification a coagulation time 


which was approximately normal taking into consideration the tem- 
perature to which they were exposed. In short their samples behaved 


in a manner similar to freshly shed blood. Whereas both the samples 
of the blood which were recalcified immediately (A and D) clotted very 
rapidly on additions of calcium in a time comparable to that given by 
the 20 hours samples on the addition of thrombokinase before recalcifi- 
cation (C and F). 3 : 
The conclusions to be drawn may be stated as follows 

1. Prothrombokinase i is not destroyed in oxalated blood on and: 
ing (B and E). | 
2. Thrombokinase is destroyed i in oxalated blood on standing (of 
A and D with B and E). 


3. The maintenance in oxalated blood of its power of coagulating 3 


on n rocaleifigation 3 is dependent on the presence of prothrombokinase. 
4 The almost complete disappearance in serum of coagulant 
activity in 20 hours (Table X) is explained by the fact that this 
activity is due to thrombokinase and not to prothrombokinase. ; 

The next table is given to illustrate the rate of disappearance 


shed. 


of thrombokinase from blood oxalated three minutes after it was 
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Tun XV. When recalcified — Coag. time on water bath at 43°C. 
Immediately — 60 seconds 
A. 10 minutes later | TOS ge 
B. 20 ” ” 105 ” 


k. Cong, tine of freshly shed bod es water bath st 48°C: 180 | 
It will be observed that all the thrombokinase was destroyed in 


60 minutes, this sample (D) giving the same coagulation time as 


freshly shed blood (E) The rapidity of sdestructive action shown 
in this table suggests at least the possibility of a true anti-throm- 
bokinase being present in blood. But before provisionally adopting 
such a conclusion two facts must be taken into consideration. Firstly 
the amount of thrombokinase present in this experiment was small as 
shown by the coagulation time of the oxalated blood which was im- 
mediately recalcified being as long as 60 seconds (A). Secondly mere 
_ rapidity of destruction cannot by itself be taken as indicative of a true 
anti-body where the amount of the body originally present is small 
Before accepting the existence of a, true anti-thrombokinase it would be 
necessary to show that the thrombokinase which had disappeared could 


not be liberated by dilution with water or some similar process, but 


that it was irrevocably inactivated. An attempt to determine whether 
such an inactivation is produced was made in the following experiments. 
Blood was drawn and oxalated after three and a half minutes, samples 


were then recalcified at * and their — times cpa 


room temperature. 

XVI. recaleified Cong. time at room temperature 

1 A. Immediately Two mins. and ten secs. 
B. 10 mins. later Three mins. | 
. Three mins. and twenty secs. 
„ Ditto. 
Ditto. 
F. 75 Ditto. 
G. 20 hours. l Twelve mins. 


ter 60 mints of he ond aed wih oul balk of 
EY. E recaleifled. Cong. time, 6 mins. | 
and at onos recaloified. 
d. Coag. time, 7 mins. 
Ooag. time of freshly shed blood about 5 mins. 
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The. following statements summarise the results of — ex- 


periments :— 


1. During the fret twenty W a rapid dissppesranoe ok 


thrombokinase occurred, followed by a period where no disappearance 
was evidenced, followed again by a period in which a further disappear- 
ance was shown (G). 

2. In the case of the first disappearance dilution and incubation 
with water gave no evidence of the reactivation of thrombokinase 
i which had disappeared (cf. E and E). | | 

3. In the case of the later disappearance mere dilution with 

water gave evidence of the reactivation of thrombokinase (cf. G 
and G). 
%% vnn later 
disappearance of thrombokinase we suggest can be explained on 
the supposition that the earlier disappearance was due to a true 
anti-thrombokinase and hence reactivation could not be produced, 
whereas the later disappearance was due to the adsorption of throm- 
bokinase by protein, a combination being formed which could be 
dissociated by water thus allowing of the reactivation of the adsorbed 
thrombokinase. Such a twofold mode of disappearance would occur 
if only a small amount of anti-thrombokinase were present in blood. 
The long coagulation time shown on recalcification after twenty 
hours (G) is probably due to the presence of only a small amount 
of prothrombokinase, the greater portion of this body having been 
converted into thrombokinase in the interval of 34 minutes before 
the blood was oxalated after shedding, the thrombokinase formed 
having been partly destroyed by anti-thrombokinase and the remainder 
rendered inactive by adsorption by protein. 

Prothrombokinase:—It has already been stated that oxalated 
blood contains prothrombokinase. There is evidence that this body 
exists in a state of suspension and not of solution. If oxalated blood 
be allowed to stand for three days, the upper layers of plasma 
will not coagulate on the addition of caleium, whereas the corpuscular 
layer will coagulate on adding calcium. Hammarsten found a 
similar condition to exist in horse’s blood which had been kept on ice. 
The following table shows the results we obtained. 

Tann XVII. Blood oxalated and allowed to stand 13 hours Cong. time at room temp. * 
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These experiments show that the supernatant plasma i is incoagu- 
lable on the addition of calcium owing to the absence of prothrom- 
bokinase (A and B), and that nothing else is wanting in the essentials 
to coagulation beyond calcium and thrombokinase (B and OC) It 
is a legitimate conclusion that prolonged standing has resulted in 
the settlement of some suspension containing prothrombokinase. That 


this suspension consists of platelets is extremely probable. We were 


usually able to foretell by a microscopic examination of supernatant 
oxalated plasina whether the plasma would or would not coagulate 
on the addition of calcium, the grounds of our prognosis being the 
presence or absence of certain small bodies strongly resembling platelets. 
In this way we were able to confirm the observations of Morowitz and 
other observers that platelets are the source of thrombokinase. On 


the supposition that platelets are present in any considerable numbers 


in circulating human blood, the question naturally arises why 


does not blood clot in the blood vessels, for the blood on such a 
supposition contains all the essentials to clotting—fibrinogen, pro- 


thrombin, prothrombokinase and calcium. The only explanation avail- 
able appears to be that on blood being shed a change occurs in 
the platelets which renders their prothrombokinase content capable of 
being acted upon by calcium to form thrombokinase. However it 
is possible, as Buckmaster holds, that platelets are not present in 
circulating human blood, if this be correct the above difficulty would 
be non-existent, Whether the primary factor in coagulation be 
a change in already formed platelets or whether it be the production 
of platelets, depends on whether platelets be or be not constituents 
of circulating blood. It is clear from the fact that blood clots when 
shed that if platelets exist in circulating blood in the same number 
as they do in shed blood, and if the prothrombokinase which they 
contain is capable of activation by calcium, intravascular coagulation 


would occur, since the amount of anti-thrombokinase present is not 


sufficient to prevent the clotting of shed blood. | 
It will have been observed that nothing has been said as to the | 
tissues punctured by the needle being a. source of thrombokinase. 

This omission must not be taken as implying a belief that none of the 
thrombokinase in blood comes from this source. When blood flows 
slowly there are reasons for believing that a considerable amount of 
thrombokinase arises in this way. But in the experiments we have 


3 described the facts pointed to prothrombokinase being the main source 
of the theombokinase, and as has been 
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for regarding this latter body as being associated with platelets. One 
of these facts may be mentioned here. We have seen that the serum 


obtained from blood which was oxalated immediately on shedding and 


clotted with thrombin contained no thrombokinase (Tables VII and 
IJ) although tested shortly after coagulation (15 mins. after in 
Table VII and 20 mins. after in Table IX) On the other hand 
serum obtained from blood allowed to clot spontaneously contained 
thrombokinase two hours after coagulation (Table X B). The difference 

between these two sera lies in the fact that the first serum was 
obtained from a blood which was oxalated immediately after shedding 
and hence no prothrombokinase was converted into thrombokinase, 
whilst the second serum was obtained from a blood which contained 
calcium and hence could convert prothrombokinase into throm- 


bokinase. In both cases the amount of anti-thrombokinase was 


relatively to the other constituents of blood identical, the dilution with 
oxalate and thrombin of the first serum not affecting this relation. 


The thrombokinase present in the second serum is proof of the im- 


_ oxalated blood. clotted with thrombin is due to this body being in a 
entangled in the meshes of the 
clot. 

The presence of thrombokinsse in a scram obtained from blood 
which has clotted spontaneously indicates that thrombokinase i is in a 

condition of solution not of suspension. 


The mode of action of thrombokinase. 


In the light of recent work the questions concerned with anti- | 


_ coagulants in the blood involve a discussion of the mode of action of 
_ thrombokinase. Countless experiments have rendered it certain that 
tissue extracts (thrombokinase of Morowitz) in the presence of calcium 


activate some body (prothrombin) which exists in blood to form thrombin. — 
This body (prothrombin) must accordingly undergo me change. . 


are three ways in which a body can be changed :— 
1. Something may be added to prothrombin : This is consistent with 
the view that thrombin is a compound of prothrombin and thrombokinase, 
ef. Ehrlich’s theory of the reaction of trypsinogen and enterokinase. 
Tue inability to convert prothrombin into thrombin by the addition of calsium is 
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2. Something may be taken’ from prothrombin There are tuo 
ways in which this could be brought about. (a) Thrombokinase might 
act as a ferment and split off some component of prothrombin, the 
remaining portion forming thrombin under the influence of calcium. 
(6) Thrombokinase might possess an affinity for some body combined 
with prothrombin and remove this body, the liberated prothrombin then 

forming thrombin under the influence of calcium. This surmise accords 
with the theory of W. H. Howell as to the action of thrombokinase. 

3. An alteration in the constituent atoms of prothrombin may oocur:— 
This view might be expressed by stating that thrombokinase converts 

_ prothrombin into an isomeric form which is converted into — 55 
under the influence of calcium. | 

Although it is impossible without elaborate and complex experiments 
to determine which of these alternatives is correct, it is yet possible, in the 
authors’ opinion, in the light of experiments which are about to be 
described to demonstrate the extreme improbability of W. H. Howell’s 
views as to the action of thrombokinase. His belief that a prothrombin- 
anti-thrombin complex exists in the blood has already been discussed in 
connection with the destructive action of water on prothrombin in serum. 
It would be convenient to give here a résumé of his views. The 

following statements express his opinions :—Anti-thrombin is combined 
with prothrombin and prevents calcium from activating prothrombin 

and forming thrombin. Thromboplastin (thrombokinase) combines with 
and neutralises anti-thrombin setting free prothrombin which is then 
activated by calcium to form thrombin. Thromboplastin also breaks 
down combination between anti-thrombin and thrombin. In addition 
to thromboplastin water also dissociates or weakens the prothrombi 
anti-thrombin complex. The first experiments are concerned with 
Howell’s statement that thromboplastin (thrombokinase) breaks down 

the combination between anti-thrombin and thrombin. Serum, throm- — 
bokinase and thrombin were incubated together for ten minutes, the 
mixture was then oxalated and mixed with an equal bulk of oxalated 
blood and the coagulation time was noted. A similar procedure was 
adopted with a mixture of serum, thrombin and water. The experiment 
was conducted at room temperature. The object in view was to 

determine whether the presence of thrombokinase interfered with the 
action of the anti-thrombin in the serum on the thrombin. 7 

We thus failed to obtain any evidence of the suggested action of 
thrombokinase. To further test the hypothesis serum and thrombokinase 
were incubated together for five minutes before incubation with thrombin, 
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the coagulant activity of the latter mixture being tested after 5 and 15 

minutes’ incubation by oxalating it and mixing it with oxalated blood. 

A precisely similar procedure was adopted in regard to an initial 

mixture of serum and water. The — was — att room 


TABLE XVIII. Incubation Period. 


8+Th+K 8+Th+H,0 
‘Oxalated+oxal. blood Oralated + oxal. blood 
No clot in 5 mins. me Faint thread in 84 mins. 
3 Not found again in 5 mins. 
No evidence of thrombin — Evidence of trace of thrombin. 


No evidenee that thrombokinase inhibits action of anti-thrombin. 
K = thrombokinase. 


| Serum and water incubated 5 mins. =Sw. 
SK and thrombin incubated 5 or 15 mins. KT. 
SW and thrombin incubated 5 or 15 mins. AWT. 
SRT 
Oxalated + oxal blood Oxalated+oxal. blood Oxalated+oral, blood Oxalated+oxal. blood 


Clot in 95 anon, well Clot in 95 secs., well Very small thread in No clot in 9 mins. : 
marked in 15 mins. marked in 90 mins. 4 mins. No bigger l 


in 9 mins. Cut 
Evidence of throm- . about Evidence of trace of No evidence of 
bin dame amount of thrombin thrombin 


sli this table gives! a minimum amount of support to Howell’s 
view yet the difference shown in anti-thrombin content between the 
serum incubated with thrombokinase and that incubated with water is 


so small that it cannot justify so far reaching a theory as that propounded — 


by Howell. Especially is this the case since we cannot exclude the 
possibility of adsorption of anti-thrombin by the thrombokinase solution. 
If the action of thrombokinase, as Howell suggests, were to free 


prothrombin from anti-thrombin owing to its affinity for and power of 
combining with the latter substance, it would have shown far more 


signs of combination than the above experiment exhibits. — 
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The serum, as has been seen, contains approximately the same 


amount of anti-thrombin as blood. The amount of thrombokinase added 
in this experiment if added to blood would have considerably diminished 


its coagulation time. Therefore the amount of thrombokinase used was 
amply sufficient to combine with the anti-thrombin present if such were 
its method of action, That only a trace of anti-thrombin disappeared 
we regard as very strong evidence that the coagulant activity of throm- 
bokinase is not dependent on its affinity for anti-thrombin. Apart from 
the question whether thrombokinase combines with anti-thrombin, we 
have already given reasons for denying 25 existence in the blood of 


CONCLUSIONS. 


The amount of e present in blood is approximately the 


same as the amount present in serum. 


KRettger's statement that thrombin is not a ferment is open to the 
objection that the substance ge he tested was not thrombin byt 
thrombokinase. 

The difficulty of Paha the existence or non-existence of 
anti-prothrombin in blood is dependent on its association with fibrinogen. 
The difficulty of demonstrating its presence or absence in serum obtained 
from oxalated blood clotted by thrombin is dependent on the apparently 
inherent instability it exhibits. : 

Anti-thrombokinase is present in blood and serum in only small 
amounts, and hence there is a difficulty in demonstrating its existence. 

Oxalated blood maintains its power of clotting because it contains 
a precursor of thrombokinase, prothrombokinase, which exists in a state 


ee suspension, probably in platelets, and which is neither adsorbed nor 


converted in thrombokinase. 
Calcium plays a double réle, firstly in the conversion of prothrombo- : 


kinase into thrombokinase, secondly i in the activation of prothrombin by 


thrombokinase. 

The primary factor in the congulation of human blood is either the 
production of platelets or some change in the platelets. The first 
alternative is correct if platelets are absent from circulating blood, the 
second alternative if platelets are present in circulating blood. : 

No evidence was obtained that 1 8 is in a state of suspension 
in oxalated blood. 
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Reasons have been given for doubting Howell's theory that throm- 
has an affinity for anti · thrombin and breaks down a prothrombin- 
anti- thrombin complex. 


A summary of the conclusions arrived at can. be given best b7 


enumerating the various factors of coagulation and the anti-coagulants 


thrombin, and-in — same serum incubated with ‘water. 
Freshly shed blood. 


anti-thrombin, ? anti-prothrombin, anti-thrombokinase. 


(a) Oxalated after 
1. Immediately after oxalation. 
The same contents as freshly shed blood except that ee % is 
absent. 
2. Three days after oxalation. | 
The same contents as above, but prothrombokinase i is confined to 
lower layers. 
(0) Oxalated a few minutes after shedding. 
1. Immediately after oxalation. 


Fibrinogen, prothrombin, prothrombokinase, thrombokinase, anti- | 


1 ? anti-prothrombin, anti-thrombokinase. 
2. One hour later. 
The same contents as vsti but ee amount of throm- 
bokinase. 
3. A day later. 
The same contents as but no thrombokinase. 


Serum from blood spontaneously clotted. — 
(a) Immediately it is formed. | 
Thrombin, thrombokinase, antithrombin, anti-pro- 
thrombin, anti-thrombokinase. 
A ſew hours later. 
The same — as above, but no thrombin nd less throm- 
(o) 4 few later. 
The same contents as above but no 5 


present respeetively in freshly shed blood, oxalated blood, serum from 
blood spontaneously clotted, serum from oxalated me — by | 


Fibrinogen, prothrombin, calcium, prothrombokinase in wre 5 
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Serum from owalated blood clotted by thrombin. 
Prothrombin, anti-thrombin, ? anti-prothrombin, anti-thrombokinase 
3 Sometimes thrombin, and sometimes traces of fibrinogen. 
| The sume serum incubated with water. 
‘ ‘The sme as shove bat no prothrombin. 
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EXPERIMENTS ON THE CONSUMPTION OF SUGAR | 
IN THE NORMAL AND THE DIABETIC HEART. 
By F. P. KNOWLTON Ab E H STARLING. | 


(Wes tha of University London) 


In a paper recently published in this journala) we described a method for 
maintaining the heart and lungs of a mammal for many hours in a state 
approximating normal. In this method the heart, fed with blood, is 
performing its normal amount of work, which can however be altered 
at the will of the experimenter. The arterial resistance, the venous 
volume of the heart, and the temperature may be changed at will, and 
may be maintained constant at any required height within physiological 
limits. We have kept a heart beating under these conditions for as long 
as eleven hours; but we are hardly justified in regarding its activity 
as normal beyond three or four hours. If the arterial pressure be 
maintained at the normal height—80 to 100 mm. Hg in the dog—the 
heart may begin to fail at the end of the third or fourth hour, and the 
failure may be shown not only by diminished output but by a gradual — 
disappearance of blood from the venous reservoir coincident with the 
development of pulmonary edema. To avoid this contingency it is 
important to keep the venous pressure as low as is consistent with a 
good output, since the failure of the heart is more easily induced by 
over-filling than by increased arterial resistance. In many experiments 
we have noted that after three or four hours the oxygenation of the 
blood is apparently insufficiently carried out; the blood becomes darker, 
and it is not possible to improve its colour by increasing the pulmonary 
ventilation. In other cases the heart. begins to fail even. though the 
blood remains of a good colour. In either case a fresh lease of life can 
be given to such a heart by withdrawing all the blood from the reservoir 
and replacing it with fresh blood from a newly killed animal. In one 
or two cases we have also noticed prolonged improvement of the heart 
towards the end of the experiment on adding a small trace of adrenalin 
to the circulating blood. The failure that supervenes at the close of an 
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experiment may be due to the accumulation of waste products other than 
gaseous in the circulating blood, or to the using up of substances, of 
which adrenalin may be taken as a type, normally present in the 
circulating blood. Experiments are at e in progress on some of 
these points. 

For three or four hours however the heart. may be . as 
normal. If the dog’s heart is used, it puts out from 150 to 350 cc. per 
minute, and the coronary arteries are being fed with arterialised blood 
under normal éonditions of pressure and work. Since the whole volume 
of the circulating blood in our different experiments varied from 150 to 
400 C., the renewal of the blood through the heart and lungs is a very 
rapid one, and it seemed to us that the preparation would present 
many advantages both for pharmacological investigations as well as for 
determining the chemical changes associated with the metabolism of 
the heart muscle. 

One of the most important questions in muscular metabolism ieee 
to the consumption of sugar by this tissue. A consumption of sugar in 
contracting voluntary muscle has been affirmed by Chauveau and 
Kaufmann as well as by other authors. These results however have 
not been generally accepted, since they were based on comparative 
analyses of the arterial and venous blood flowing through muscle, and 
therefore dealt with differences which must be excessively minute. 
The first satisfactory demonstration of the utilisation of sugar by muscle 
was furnished by Locke and Rosenheimo in their work on the isolated 
heart fed with Ringer’s fluid to which glucose had been added. This 
work has been repeated with improved methods by Rohdew, who has 
measured at the same time the consumption of glucose, the consumption 
of oxygen, and the production of carbon dioxide, in the heart of the cat. 
Gayda® has carried out similar experiments on the rabbit's heart. 
His paper contains a useful summary of previous work on the subject. 
All these experiments however were made on a heart fed with Ringer's 
fluid and working under abnormal conditions, so that some loophole was 
still left for those physiologists who maintained that the sugar of the 
circulating blood could not be directly utilised by the tissues under 
normal conditions until it had been built up by some organ, such as the 
pancreas or liver, into some more complex body. It seemed to us 
therefore essential to determine whether there was actual consumption 
of sugar under the conditions of our experiments. 

Methods. Most of our experiments have been performed on small 
2 dogs ; a few experiments have been carried out on cats, but the greater 
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tendency of these animals to pulmonary edema renders them less 
adapted for prolonged experiment. Moreover it was an advantage to 
work on a larger scale than is possible when using a cat’s heart, since 
it was necessary to abstract samples of blood at intervals for the purpose 
of analysis, The preparation of the animal was carried out as described 
in our previous paper, especial care being taken to tie in the arterial 
cannula by a ligature at the extreme base of the innominate artery, so 

‘as to exclude any possible branches other than the two main ones into 
which this trunk divides. Even after ligaturing all the vessels other 
than that into which the arterial cannula is inserted, there is almost 
constantly a slight loss of blood from the circulation, amounting to 
about 20 d. in the hour. This loss is greater if the arterial pressure 
be kept high and is not to be confounded with the loss which may come 


on towards the end of the experiment and rapidly progresses with the _ 


development of lung edema. The arterial pressure was as a rule 
maintained at about 70 mm. Hg, and the temperature between 355 C. 
and 87°C. The venous reservoir was graduated so that we could tell 
whether blood ‘was being lost from the circulation. At the end of the 
experiment the amount of blood in the tubes, heart and lungs was 
measured by washing out with normal salt solution, so that in this way 
ve knew the total amount of fluid in the circulation during any period 
of the experiment. The amount circulating during any given hour was 
taken to be the mean of the amounts circulating at the beginning and 
at the end of the hour. In most cases u certain amount of glucose in 
10 p.c. solution was added to the circulating fluid at the beginning of 
the experiment. After the circulation had proceeded for ten minutes, 
a sample of blood was taken for analysis. The experiment was then 
allowed to proceed for an hour, when a second sample was taken, and 80 , 
on, through the experiment. 
ag The estimation of sugar was carried out sometimes in the whole 
blood, sometimes, and invariably in the later experiments, in the blood 


serum. Since the sugar is mainly present in the blood serum, it is 


essential, if the estimation be made in the blood, to determine at the 
same time the hemoglobin value of the blood so as to guard against 
possible errors produced by the exudation of the plasma of the blood into 

the lung tissue. A relative diminution of blood plasma might thus be 
‘misinterpreted as a using up of sugar by the heart or lungs. The 
estimation of sugar was carried out in the following way. 10 cc. of 
blood were treated with 20 c.c. of copper sulphate solution (of the same 


of solution) previously 
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diluted with 50 C. c. of water, making altogether 80 c.c. of fluid. The 
mixture was filtered to free it from the precipitated proteins. Of the 
filtrate 60 Cc. were neutralised with sodium hydrate to precipitate the 
excess of copper, filtered, and 20 c.c. of the filtrate taken and the sugar 
determined in it by Bertrand’s method. In the later experiments 
25 c.c. of the blood were taken at each sample and centrifuged. 10 cc. 
of the serum thus obtained were treated with 10 c. of copper sulphate 
solution and 20 c.c. of water. The precipitate of proteins was filtered 
off. 30 cc. of the filtrate was then neutralised with 14 cc. sodium 


_ hydrate and filtered, and the sugar in 20 cc. of the filtrate determined 


by Bertrand’s method. 
Control experiments. wo tle: 


results as to the utilisation of sugar by the contracting heart muscle, 
we must know the limits of accuracy of our actual sugar determinations 


and also how far any disappearance of sugar we may obtain is to be 
ascribed to glycolytic processes occurring in the blood or to destruction 
of sugar in the lungs. In about a dozen cases double determinations 
were made of the same samples of blood or serum. In most cases the 
results were identical to the second place of decimals. In a few cases 


the results differed by 01 p.c. and in one case by 02 pc. We may take 


the error of analysis therefore as probably not Te ‘Ol pc, as is 


shown from the following results: 


* Control determinations of sugar in serum. 


64 1% 4% “46 #35 82 62 1 


Most physiologists agree that the blood has some power of destroying 


and oxidising glucose, though there can be little doubt that many of the 


results obtained which have been ascribed to glycolysis are really due 
to bacterial contamination. In our experiments the latter source of 


fallacy has not been definitely excluded, and there seems little doubt that 


in some of our earlier experiments, when we were not sufficiently alive 
to the importance of this factor, a considerable proportion of the 
disappearance of the sugar must be ascribed to insufficient cleansing of 
the tubes of our apparatus. These experiments we have distinguished 


by an asterisk. In all our later experiments care was taken to 


cleanse thoroughly all the vessels and tubes of the apparatus with 
potassium permanganate solution at the close of each day. They were 


then, just Before the experiment, washed through with tap water and 


then with normal salt solution. About once a week the tubes were 
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taken apart and boiled. Any glycolysis due to bacterial action would 
tend to increase with the prolongation of the observation and it seems 
probable that infection would be more marked in diabetic blood with 
its lowered powers of resistance than in normal blood. In a number of 
cases we have determined the actual disappearance of sugar in the 
blood taken at the end of the experiment and maintained at. body 
temperature for two or three hours while a current of air was led slowly 
through it. All conditions were thus present for increased bacterial 
contamination, so that the results obtained in this way can be regarded | 
as maximal. We are of opinion that the glycolysis under the con- 
ditions of our experiments would not amount to more than 0°01 p.c. 
glucose per hour, though, as will be seen from the subjoined: table, 
the blood later on — show a loss of 02 or even 03 p.c. glucose per 


“TABLE 1 Tabla showing glycolysis in blood. 


Difference 
tnd Difference per hour 
Time p.c. 


p. a. Temperature 
8 hours 09 38—45 
“89 02 0¹ 36—40 
81 04 902 36—40 
22 17⁵ 35—40 
1 „ 18 94 38810 
61 
x 11 : 59 025 016 85—40 


_ On the consumption of sugar in the lungs only one experiment was 
made and in this case the sugar content of the blood was found identical 
at the beginning and at the end of an experiment in which blood was 
transfused through the lungs of a dog during one and a half hours. 
It is possible that there may be a slight consumption of sugar in the 
lungs, since later experiments by Evans in this laboratory point to a 
gaseous metabolism in lungs and blood together amounting to about 
one-fifth of that taking place in the heart-lung preparation. 

In all these experiments we are judging of the metabolism of a 
tissue by determining the amount of glucose present in a small sample 
of circulating blood and then multiplying the results obtained by a 

factor which may vary between 10 and 40, in order to determine the 
total sugar consumption. All our errors will be increased in the same 
proportion. Small differences in our results could therefore. hardly be 
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regarded as evidence for or against the consumption of sugar by the 
contracting heart. In view of the difficulties and fallacies connected 
with the estimation of sugar in blood we have thought it advisable to 
give full details of our experimental results, in order that other workers 
may form their opinion as to the value of our experiments. 


‘THE CONSUMPTION OF SUGAR IN THE NORMAL 
HEART-LUNG PREPARATION. 


The results of these experiments can be seen in the following tabular 
representation (Table II). In the first five of these experiments the 
estimations were carried out on the blood. In experiments 6,7 and 8 
the sugar estimations were made on blood serum. The blood serum was 
taken as equivalent to 66 p.c. of the total blood. The utilisation of 
glucose varied from 2˙8 to 6:29 milligrams per gram of heart per hour. 
We may take the average consumption as 4 mgms. per gram heart 


muscle per hour. Certain results in this table are worth noting with a 


view to subsequent investigations. Thus in one experiment in which 
the antssthetie had been left on during the first 30 minutes by 
mistake, there was apparently no consumption of sugar. In the same 


way, a considerable diminution of sugar consumption was observed in 


one or two experiments, eg., in Exp, 2 and Exp. 7 during the last hour 


_ when the process of oxygenation of the blood seemed to fail, so that 


the blood was extremely venous. It is evident that the sugar con- 
sumption observed in this case’ could not possibly be ascribed to 


glycolysis in the blood, oven if it were associated with some . 
bacterial change. 


Two theories have been put forward to account for the fatal diabetes 


which ensues in mammals on total extirpation of the pancreas. — 


_ According to one theory, the prime cause of the disorder is an increased 


formation and mobilisation of sugar in the liver, this organ having been 
freed from some restricting influence previously exerted on it by the 


pancreas or by some product of internal secretion of the pancreas. 


According to the other theory, the essential factor in pancreatic diabetes 
is the inability of the tissues of the body to utilise glucose. The liver 


. partakes of this inability and therefore suffers from glucose starvation 
in the midst of 2 * increased a of sugar, e.g. from 
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W is merely a a secondary result of this glucose starvation’, The 
loss of power on the part of the tissues to utilise glucose may on this 
theory be ascribed either to the absence of some co-ferment or similar 
body, normally produced in the pancreas and forming the necessary’ 
link in the process of sugar assimilation, or to the accumulation in the 
body of some substance normally destroyed by the pancreas, which acts 
as a poison and has a special inhibitory influence on the sugar- 
assimilating properties of the tissues. Although the lack of power to 
assimilate and oxidise sugar is the most prominent feature of the 
disorder, it must be remembered that the disability applies in a large 
measure also to the other foodstuffs; amino acids, for instance, occur in 
increased amounts in the urine, iad the final death of the animal is 


largely due to the accumulation of products arising from defective fat 
oxidation, 6g., oxybutyric and aceto-acetic acids. 


It seemed to us that a distinct step in advance would be gaineg, if 


we could determine whether the heart of a diabetic animal, isolated by 


our method, was able to consume sugar, as we had. proved to be the 


_ case with the normal heart. In a number of dogs we therefore produced 
diabetes by the removal of the pancreas. This operation becomes 
relatively simple if carried out in the manner indicated by Hédonm. 


Hitherto the operation has been a lengthy one and has necessitated 
the application of many ligatures to the vessels running between the 
pancreas and duodenum, and a great danger has always been the 
sloughing of the duodenum during the first few days after the operation. 
In Hédon’s method the only ligature which is applied is to the main 


‘pancreatic duct, which is tied just as it enters the duodenum. The 


rest of the pancreas is then torn out bit by bit, using only the 
fingers, the glandular substance being stripped off the vessels which 
run into and through the pancreas. The main part of the gland having 
been removed, small portions adherent to the duodenum are then 


picked off with the fingers so that not a trace of this gland is left. The 
- omentum is then wrapped round the duodenum, which is replaced in 
the abdomen, and the abdominal wall is closed. Half an hour suffices 
ſor the whole operation, including the anesthetisation and preparation 
of the animal. The operation being shortened i in this way, the animal 


very soon recovers from the anssthetio and seems little the worse for 
the operation. The great advantage of this quick method probably 
depends on the fact that the diabetic state does not come on for two or 
A usefal aseount of the enormous mass of dealing with this subject wil be 
Meyer™, 
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three hours, during which time the phagocytes and fluids of the body 


have time to destroy any bacteria which have accidentally infected the 
wound, II rigid asepsis be observed, it thus becomes possible to remove 


the pancreas in one operation and yet to attain a perfect healing of the 
abdominal wound. The animals which had been operated on in this 


way were fed during the day after the operation on milk, and after that 
on lean meat (horse flesh). The day before they were going to be 
killed in. order to test the sugar consuming powers of their heart, they 


were placed in a metabolism cage, and the 24 hours’ urine collected in 
order that the. D/ N ratio might be determined. Even the day after the 
operation the urine will be found to contain 7 pc. of sugar. The 
animals have been killed at varying intervals, from the second to the 


seventh day after extirpation of the pancreas. They have presented 
the usual phenomena which have already been described. by many. 


_ observers in pancreatic diabetes. Thus the blood is often found loaded 
with fat globules, so that a cream-like layer rises to the top of the 


plasma or serum. With this lipemia is associated an advanced 
condition of fat infiltration of the liver. The lipemia and fat infiltra- 


tion seemed to us more marked in the animals which had a considerable. 
store of fat in the body at the time of the operation, suggesting that the 
main factor is the mobilisation of the fat and a carrying of this fat to 
the liver in order that it can be broken down and utilised to take the 
place of the failing carbohydrate metabolism. | 

The final experiments on the heart were carried out in exactly the 
same way as had been previously done with the normal hearts, The 


animal was generally bled at the beginning of the experiment, and the 


defibrinated blood was later added to that pumped out by the heart on 


connecting it to the apparatus, so that the diabetic heart was fed with 


diabetic blood. In one or two cases it was necessary to sacrifice a second 
diabetic animal in order to obtain sufficient blood. The following table. 
(Table IIT) shows the results obtained in seven such oT 
(Exps. 12 to 18). 

In three of the experiments, namely, 14, 15 and 16, the sugar con- 
sumption in the heart, though less than observed in the normal animal, 
was still considerable. In this experiment however the apparatus had 
been in use for some time and had not been taken to pieces or sterilised, 
On the supposition that the small effect might be due to bacterial 
change, the apparatus was taken to pieces, and it was found that a 
slimy growth had occurred on the inner surface of the rubber tubing. 
N whole apparatus was thoroughly cleaned and and in all 
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subsequent experiments potassium permanganate was run through the 
apparatus at the close of the day's work. In the other experiments, 
namely, 12, 13, 17 and 18, there was practically no consumption of 
sugar in the heart. 

In each case the analysis of the blood at the 3 and end of 
the hour either gave identical results or results which differed only 
within the limits of experimental error. We consider ourselves justified 
therefore in concluding from these experiments that after pancreatic 
diabetes has been produced by total removal of the pancreas the heart 
muscle is unable to utilise the blood sugar for its metabolic require- 


On THE NATURE OF THE INFLUENCE EXERCISED BY THE PANCREAS 
ON THE UTILISATION OF SUGAR. : 


The by Minkowski on the effects of 
of a small portion of the pancreas with the removal of the rest, show 
conclusively that the action of the pancreas must be chemical, i. a. must 
be effected through the intermediation of the circulation and not of the 
central nervous system. It has been suggested that the action of the 
pancreas on the sugar consumptidn or utilisation is not a direct one but 
involves the interaction of other organs, such as the suprarenal ‘and 
the thyroid glands. It seemed to us possible that we might be able _ 
resolve not only this question but also the further question as to 
whether the action of the pancreas is the production of some substance 
or hormone necessary for the assimilation of sugar by the tissues, or of 
some substance which would act as an antitoxin to another substance 
which would otherwise accumulate in the blood and poison the sugar- 
assimilating or oxidising functions of the cells. We may say at once 
that our experiments appear to point to the simpler of these possible 
éxplanations as the correct one, and indicate that the pancreas normally 
produces some substance which is discharged into the blood stream and 
the presence of which is necessary for the utilisation of sugar by the 
tissues or, at any rate, by the contracting heart muscle; further that 
this substance is continually being removed from the blood and used 
up by the tissues, so that it must be constantly renewed if the animal 
is to continue to be able to utilise the glucose of the blood. If the 
antidiabetio hormone is being continually produced by the pancreas, 
it sbould be present in diabetie blood. On feeding a diabetic heart 
therefore with normal blood we should be able to restore to the heart f 


& 
3 
71 
righ 
8 
* 
2 
3 
* * 
2 
iA 
he 
men 
7 
7 
d 
i 
7 
> 
* 
4 2 
* 
mes 
Ve 
=. 
2 
| 
J 
vid 
* 
A 
4 
— > 
14 


"SUGAR CONSUMPTION IN 187 


muscle the power of atilising glucose, in virtue of the hormone present 
in the normal blood. The following two experiments (Table IV) show 
the effect of feeding a diabetic heart with normal blood. In the second 
experiment the results are somewhat irregular, but the average con- 
sumption for the three hours is practically normal, the consumption 
per gram of heart muscle in the three successive hours being 5°13, 1:87 
and 3:05 mgms. In the first experiment there was a continuous increase 
in the utilisation of sugar during the course of the experiment, the 
exact figures being 2°9, 5°28, and 

The third experiment of this series (Exp. 21) is the reverse of the 
first two. A normal heart containing presumably a certain amount of 
the antidiabetic hormone was fed with blood derived from a diabetic 
dog. In this case there was a continuous diminution in the consumption 
of sugar during the first three hours of the experiment, the figures 
obtained being 3°5, 2°45 and 1°68 mgms, per gram of heart muscle per 
hour. In this case the rate of the heart beat was slower than normal, 
a phenomenon which we had observed constantly in our series of experi- 


ments on the diabetic heart fed with diabetic blood. It seemed 


probable that the diabetic bleod ‘contained some constituent, perhaps of 
an acid character, which had the action of slowing the normal cardiac 
rhythm. It seemed possible that this substance might also be responsible 
for the diminishing consumption of sugar in this experiment and for the 
inability of the diabetic heart to oxidise sugar. Jn the third hour of 
this experiment we therefore added 2 cc. of 10 p.c. sodium bicarbonate 
to the blood in the reservoir. The effect of this addition was to 
increase the rate of the heart beat from 120 to 135 per minute. No 
effect however was produced on the sugar consumption, which continued 
to fall, so that the consumption during the third hour was 3 the lowest 
obtained throughout the experiment. 

Although not definitely excluding an ‘antitoxic action of the pancreas, 
these three experiments are most readily explained by the assumption 
that the tissues and blood normally contain some substance, the presence 
of which is essential for the direct utilisation of sugar by the tissues, 
This substance is gradually used up in the tissues and therefore has to 
be continually replaced from the blood if the utilisation of sugar is to 
continue. Since this substance is absent from the blood and tissues 
when the pancreas has been entirely removed, it seems probable that it 
is normally produced by this gland and turned into the blood. The 
question at once arose, whether it might not be possible to replace this 
substance in diabetic blood by the addition of pancreatic extracts. 
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SUGAR CONSUMPTION IN HEART. 159 
| Reasoning: des the behaviour of substances belonging to the class of 


_ hormones, such as secretin and adrenalin, we might guess that the 


pancreatic hormone would be a body diffusible, soluble in water, 
unstable in alkaline solution, but more stable in slightly acid. solution, 
and not destroyed immediately at the temperature of boiling water. 
We therefore adopted the following means for the preparation of a 
pancreatic extract which should contain this hypothetic hormone. 
The pancreas of a dog or cat was rubbed up with sand, a few drops o 
N/10 HCl being added to keep the reaction slightly acid. About 35 

of Ringer's solution, also rendered slightly acid, were then added an 
rubbed up with the gland. The mixture was carried rapidly to the 


boiling point, a few drops more of dilute acid being added during the 


ebullition, if necessary, to keep the mixture slightly acid while boiling. 
It was then filtered, the filtrate being obtained practically free from 


coagulable protein. Five experiments in all were made to test the effect of 


such an extract (Exps. 22-26, Table V). In the first four experiments, 
the heart of a diabetic animal was fed with its own blood for an hour, 
blood samples being taken at the beginning and end of the hour in 
order to test the consumption of glucose. Ten c.c. of the pancreatic 
extract, neutralised with a few drops of sodium carbonate solution, were 
then added to the blood, and after the lapse of ten minutes another 
Sample of blood was taken and tested. The experiment was then 
allowed to run for a further one or two hours, a on sample being 
taken at the end of each hour. | 

In every case it will be seen that the 3 of the extract of 
pancreas, whether derived from the dog or cat, raised the sugar con- 


sumption considerably. In the second experiment of the series the 


removal of the pancreas was incomplete. The operation of excision 
had been carried out in two stages and in removing the graft. a small 
piece of pancreas, about 2 cms. in diameter, was by accident left attached 
to the pedicle. In this experiment, although the dog was passing sugar 


in its urine, it had evidently not lost entirely its power of utilising 
sugar, the consumption of this substance in the first hour ‘amounting 


to 368 mgms. per gram heart muscle, The effect of the addition of 


pancreatic.extract was to raise the consumption of glucose to 5°2 mms. 


per gram heart muscle. In the other three experiments the sugar 
consumption during the first hour was only about 0°5 mgm. per gram 
per hour, 1, within the limits of experimental error. During the hour 
after the addition of pancreatic extract the consumption rose to 3˙5, 
28 and 3 mgms. per gram per hour, i. to a figure not far removed 8 
that found in normal hearts fed with normal blood. | 
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It was necessary to show that this improvement wad connected 
3 with the pancreas and was not due simply to the injection 
of any organ extract. It could not be due to any change of reaction, 
the alkalinity of the added fluid being so slight as not to alter appreciably — 
the reaction of the circulating blood. In the fifth experiment we there- 
fore during the first hour added to the blood an extract prepared from 
the muscle and kidney of the diabetio animal in exactly the same way 
as the pancreatic extract was prepared. During the first hour of this 
experiment the sugar consumption per gram of heart muscle was 
1˙5 mgms. This figure is rather higher thah those obtained in the 
other three experiments on completely diabetic hearts and may possibly 
indicate some direct influence of the organ extracts on the consumption 
of sugar by the heart muscle. On the other hand it is not large enough 
to exceed the possible: error due to glycolysis occurring in the blood 
itself, and was not comparable with the effect produced by the action of 
pancreatic extract. When this was added the sugar consumption rose 

to 425 mgms. in the second hour. In the third hour of the same 

experiment the diabetic blood was removed and replaced by defibrinated 
_ blood from a normal dog together with another 10 c.c. of the pancreatic _ 

extract. In this case the consumption of sugar during the third hour 
amounted to 4°6 mgms. per gram of heart. muscle, indicating that a 
maximum result had been produced in the non ind by the een 5 
of pancreatic extract alone to the diabetic blood. 

It was not however necessary to wait for the results of the sugar 
analysis in order to prove that the addition of pancreatic extract had 
a beneficial effect on the diabetic heart. We have already mentioned 
that the rate of the heart beat in the diabetic animal is abnormally 
slow. Within a few minutes after adding the extract of pancreas the 
pulse rate rose and finally attained a normal figure. Thus in the fifth 
experiment of the last series (Exp. 26) the rate of the heart beat during 
the first hour when fed with diabetic blood was 108 at a temperature 
of .36°8° C.; 12 mins. after adding 10 C. of the pancreatic extract, the 
heart rate was 162 per min. at a temperature of 372°C. Half an hour 
later the heart rate was 144 at a temperature of 36°8°C. After replacing 
the blood by normal blood together with another 10 cc. of pancreatic 
extract, the heart rate quickened to 168 As min, at a Rigen poem of 
36˙9 C. 
So far as these experiments go, they W seem to indicate that 
the panereas normally produces a substance which is continually dis- 
charged into the circulating blood; and which we may. speak of as the 
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pancreatic hormone. This substance is soluble in dilute acid solutions, 

_ is thermo-stable, and can therefore be extracted from the fresh pancreas 
by grinding up this organ and boiling it with dilute, slightly acid, saline 
solutions. This substance is carried by the blood to all the tissues of 

- the body, and its presence is a necessary condition for the assimilation 
and utilisation by the tissues of the glucose present in the circulating 
blood. Removal of the pancreas brings about the disappearance of this 
substance from the blood and therefore deprives the tissues of any 
possibility of utilising. carbohydrates as sources of energy. It is evident 
however that many further experiments will be required before this 
conclusion can be regarded as definitely established, since, although 
they afford the most obvious explanation of our experimental results, 
we cannot claim to have absolutely excluded all other explanations. 
The weak point in all such experiments is the necessity of drawing 
conclusions from the analysis of samples of blood, so that at no time are 
we dealing with the total metabolism of the tissue, and our results have 
to be multiplied by a factor, which multiplies also our errors of experi- 
ment. The method we have used permits however of a direct deter- 
mination of the gaseous exchanges of the heart-lung preparation, in 
which ‘the total oxygen consumption and total carbon dioxide output of 
the tissues are measured. In thus avoiding the necessity for any 
multiplying factor we hope to obtain more definitive results, and 
especially by determination of the respiratory quotient to find out the 4 
nature of the substance which the heart muscle is using as a source of a 
energy. Mr C. L. Evans has already commenced in this laboratory the 
study of the respiratory exchanges of the normal heart. An extension 
of these experiments to the diabetic heart may give the confirmatory 
evidence which we are seeking or may show 1885 W in — a a 


1. The heart muscle of the dog, fed with normal blood, consumes ~ | 
about 4 milligrams of glucose per gram of heart muscle per hour. 


2. This power of consuming sugar is reduced to a minimum or 


e e altogether in hearts taken from animals which have — 
excision of the pancreas. 


3. The addition of ‘a boiled extract of pancreas to the ‘ed. eleou- | 
lating through the heart of a diabetic animal, restores to the latter the 
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ON A SIMPLE FORM OF STROMUHR. Br H. ISHIKAWA 
AND E. H. STARLING. 3 


(From the Institute of Physiology, University College, 3 


Ix a paper recently published by one of us with Prof. Knowlton' 
a method was described in which the outflow of blood from a circulation 
4 apparatus, and therewith the output of the heart, was determined by 
— allowing the blood to flow into a vessel from which it was siphoned off 
— as soon as it attained a certain mark. By connecting a Marey’s tambour — 
— to the lower part of the siphon by means of a side-tube, we succeeded 
in obtaining a record on the kymograph of the number of times that 
siphonage occurred. It seemed to us that a similar method might be 
employed on the arterial side of the apparatus. Such a method would 
thus serve not only for use in our heart-lung preparation, but also for 
determining the velocity of flow through any of the arteries of the 
boch. 
Inn order to convert the venous siphon into an 8 siphon all 
that is necessary is to connect by a wide tube the air space over the 
blood in the upper vessel with the air space over the blood in the lower 
vessel. Since the air pressure in the two vessels is thus rendered equal, 
it is a matter of indifference how high the actual arterial pressure may 
be. The volume of air contained in the apparatus will be compressed 
to a certain extent, but no pressure on the air will affect the rate at 
which siphonage occurs. 
a The construction of the apparatus is shown in the accompanying 
_ drawing (Fig. 1). The two vessels A and B may be two small wide- 
mouthed bottles. B must have a capacity which is about twice that 
of A. The actual dimensions will vary with the extent of the blood 
current which it is desired to measure. In our experiments the capacity 
of A has varied from 15 to 35 Cc. The two vessels are connected by 
means of the wide glass tube T. The siphon tube S also connects the 
two vessels. The tube a is affixed to the artery and is the inlet tube to 


1 Knowltonand Starling. This Journal, Xixv. p. 206. 1912. 
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the apparatus. The siphon tube & has a small lateral branch at b. 
The blood which collects in the lower vessel B flows — by the tube c. 
The blood from the distal end of the artery 

flows through a into the upper vessel 4. It 

fills up this vessel and rises in the tube 7 
until its level.is higher than the top of the . 
bend of the siphonage tube. The blood is 
then rapidly siphoned off into B, displacing 
the air in B, which flows back into the vessel 
A through the wide tube T. The experiment 
is generally commenced with B half full of 
defibrinated blood or salt solution. When the 
blood flows into A the air in the apparatus is 
compressed and serves as a constant driving 
force for the blood from B into the peripheral 
part of the artery. : 

Certain precautions are necessary in making 
this instrument. The siphon tube must be 
large enough to empty A rapidly. On the 

other hand, if it is too large the blood will 
tend to trickle down its side in a continuous 
stream as soon as it arrives at the top of the 
bend. If it is too narrow the blood will flow through it too slants ad. 
will flow into A as fast as it flows through the siphon tube. As the 
blood passes into B, it froths to a certain extent. If the bubbles pass up 
into T they may seriously impede the circulation of air through this 
tube, so that siphonage no longer occurs regularly. On this account it 
is well to paraffin the inside of the tube T so as to prevent the froth 
from rising in it. The proper size of the siphon tube will also vary with 
the size of the apparatus, i.. with the average rate of flow for which 
the apparatus is designed. The proper size can only be determined by 
trial and is rather larger for blood than for pure — — to the 
greater viscosity of the former fluid. 

It is evident that the siphon will not always, deliver exactly the 
same amount of fluid. In every case blood is coming into 4 while 
siphonage is actually occurring, and the more rapid the flow, the 
greater will be the amount delivered by the siphon. It is very easy, 
however, to introduce a correction for the actual velocity of flow observed. 
or for the interval of time between each siphonage. The relation 
between rate of flow and amount delivered by a particular apparatus is 


‘Fig. 1. 
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shown: in the curve (Fig. 2). The apparatus delivered just over 15 c.c of 
fluid at ‘each siphonage when the tate of flow was very small, As the 
rate of flow was increased to 1 cc. a second, it delivered 16 c.c. at each 
siphonage. At 2˙5 c.c. per second, which was about the limit at which — 
the apparatus would work satisfactorily, each siphonage’ corresponded 
to 18 cc, The points on the curve show the results obtained with’ 
varying pressures, the fluid being allowed to flow between two vessels 
which were at varying heights above the apparatus, PA being the 
3 height of the arterial vessel, while PB is the height of what we may 
— term the receiving or venous vessel. It will be noted that the actual 

a pressure makes no difference to the measurements. : 


Tube time of siphonage may of course be determined simply by the 
use of a stop-watch. It is however often convenient to be able to 
record it on the same surface as the blood-pressure or other movements 

of the animal. If the apparatus is near to the recording surface it is 
often sufficient simply to connect the side tube 5 with a mercurial — 
manometer. We thus obtain a record of the arterial pressure (assuming 
that the instrument is placed in the course of an artery), on which 
a small depression occurs each time that siphonage happens, and which 
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shows at the same time the amount of blood passing through the 
apparatus, and therefore the velocity of the blood in the vessel which 
is attached to the apparatus. 

II it is necessary to use a long tube to connect the apparatus with 
the manometer, this depression may be too small to be recorded. In 
this case it is better to make use of a form of differential manometer 
represented in Fig. 3, which we have devised for this purpose. a and 
b are two small tambours about 2 cms,.in diameter. They can be 
connected with the apparatus by rubber tubes attached at « and . On 


Fig. 3. 
the rubber membrane of each tambour is placed a light aluminium disc, 
almost as large as the membrane itself, and these two discs are connected 
by a thin plate of brass which is notched at the side, so that a counter- 
poised lever may rest in the notch. Simultaneous alterations in the 
pressures in the two tambours will not alter the lever; but an excursion 
of the lever will be caused every time that a difference of pressure 
occurs between the air in the two tambours. These two tambours are 
connected on each side of the column of fluid in the siphon tube of the 
Stromuhr, namely, to 5 which is at the base of the column, and to 

d which registers the pressure of the fluid in B, which in its turn 
rn. XLY, | 
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depends on the pressure of the air filling the whole apparatus. 
Instead of attaching the tube at d, it might be equally well attached 
by a side tube to 7’ at the top of the bend. By the use of this 
manometer each time siphonage occurs we get an excursion of the lever, 
which is independent of the size of the heart beat or of the actual 
pressure in the apparatus. We can therefore measure the blood flow 
through any vessel, whether vein or artery, at any pressure. 5 


Fig. 4. Carotid artery; d. pressure 128 mm. Hg.; b. same after injection 200 0. o. 
| | salt solution, pressure 160 mm, Hg. ; o. time in 10 secs. 


Fig. 6. Portal vein, eee extract ; d. after salt 


solution ; ¢. time in 10 sees, (The figures on the right represent the arterial pressures.) 


As an example of the performance of the apparatus we give small 
portions of tracings taken from the carotid artery (Fig. 4), before and 


after the infusion of salt solution, and from the portal vein (Fig. 5). 
The latter shows the effect of injection of adrenalin, of a lymphagogue 


(mussel extract) and of hydremic plethora. It is interesting to note 
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vessels of the intestine are dilated with the fall of blood-pressure, there is 
a corresponding fall in the velocity of blood in the portal vein. It may 
be remembered that under these circumstances there is an actual rise of 
pressure in the portal vein, pointing to the existence of an increased 


3 resistance in the capillaries of the liver. 


We believe that the form of Stromuhr here described is simpler and 
easier to work than any other. We do not, however, counsel its applica- 
tion in studies of the circulation through organs. The insertion of 
a Stromuhr into the main artery to an organ requires preliminary 


defibrination or the ‘preliminary injection of hirudin. It involves 
always a considerable degree of manipulation and of exposure of tissues. 
Although for the determination of fundamental data, such as the 


outflow from the heart, a Stromuhr gives invaluable information, we 
think ‘that for finer physiological work no Stromuhr method is to be 
compared with the method of Brodie, namely temporary obstruction of 
the efferent vein of an organ which is in a plethysmograph. For the 
purpose, however, for which this Stromuhr was devised, namely, the 


registration of the current through a schematic circulation, such as is 


used in the various heart-lung preparations which have been devised, 


we believe that the Stromuhr here en * 175 of considerable 
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‘EXPERIMENTS ON THE SECRETION IN 
THE LUNG OF MAN BY THE CARBON MONOXIDE 
METHOD. By H. HARTRIDGE, M.A, Fellow of iad 


College, Cambridge. 
(From the Physiological Laboratory, Cambridge) 


In this paper I propose to describe experiments in which I have sopked 
the spectroscopic method of estimating CO, to the question that has 
formed the subject of research by Haldane and Douglas, 8 the 
occurrence of active oxygen secretion in the lung of man. 
Method. The principle of the method I have used is the same as 
that of Haldane and Douglas’. 

Having by suitable means established 1 — a given 
mixture of air and CO and the subject of the experiment, a sample of 
blood is withdrawn from the finger and its CO saturation is compared 
with that of a similar sample of blood shaken in vitro with the same 


gaseous mixture. In a previous paper I have shown that in preparing 


these samples for spectroscopic examination, light must be excluded 
because of its remarkable action on the stability of CO Hb, the two 
samples of blood must be drawn fresh from the subject of the experiment, 
and equilibrium in vitro must be established at body temperature. | 

Further, since the tension of oxygen is alway less in alveolar air than 
that in the air inspired, it is necessary either to collect at the end of 
the experiment such a sample of alveolar air for the saturation of the 


blood in vitro; or to calculate from other experiments the approximate 


value of the tension of oxygen in the alveolar air, aud to correct the 


saturation obtained with inspired air accordingly. The first method, 
_ which to me appears by far the more satisfactory of the two, can only 


de applied with success to the case of man, or perhaps with complex 


apparatus to that of the larger mammals, and therefore entirely prohibits 


the use of such animals as mice for any but controlled experiments of 


the most approximate nature. There is one other way in which the 


1 This Journal, xurv. p. 824. 1912. 3 Ibid. xxv. p. 22. 1912. 
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us of an alveolar sample for the saturation in vitro offers obvious 

advantage, in that when at the end of an experiment the CO estimations 
are being made, all one has to determine is which has the higher satura- 
tion, that in vitro or that a vivo, the absolute values of the saturation 
being of quite secondary importance. If the saturation in vivo is equal 
to or greater than that in vitro, then there is evidence that no change 
occurs other than simple diffusion of oxygen through the lung epithe- 
lium; but if on the other hand the saturation with CO a vivo is less 
i and outaide the limit of experimental error, then active secretion by 
the lung must have taken place, causing the oxygen tension in the blood 
to exceed that in the alveoli. } 

But it should be noted that the above simple statement really ale 
holds under static conditions, and is never realised in the living subject, 
the dynamic absorption of oxygen, with the accompanying excretion of 
CO,, always taking place; further, Barcroft and Orbeli have pointed 
out! that when there is oxygen want in the tissues, caused by an actual 
diminution of oxygen, a new phase is ae into the equilibrium, 
namely, reduced hemoglobin. 

Douglas and Haldane have shown that there are two ways in 
which a respiratory apparatus may be employed for obtaining the 
necessary equilibrium between the gaseous mixture and the subject of 
the experiment. The first depends on the blood taking up CO from 
the air breathed till equilibrium is established, the second method is 
the exact reverse of this in that the CO previously absorbed is given up 
to the inspired air till equilibrium is reached. | 

Now in both methods the velocity is greatly increased by making: 
the total gas volume small; this therefore necessitates a closed circuit 
in which the CO, is bed by soda and its volume replaced by oxygen 
from a generator. Of these two methods definite advantage rests with 
the expiratory, for if by any chance equilibrium were not complete then 
it could not simulate the effects of secretion, which is the case with the 
inspiratory method; since therefore in my own case definite evidence of 
_ Secretion was being sought, the expiratory method was the one on which 
— was placed. 

The respiration apparatus employed by me differs in — 
end details of arrangement and design, from any of those described by 
- Haldane; it is however naturally like them in general principle. In 
Fig. 1 the plan of the apparatus is shown, it will for simplicity of de- 
e be divided into three parts; part 1 consisting in the large gas 

1 Baroroft and Orbeli. 1910 and 19111. 
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been removed, the electric 


| 


later a similar quantity of =| ake 
air is withdrawn to equalise 230 
again the pressures inside | 
and outside the container. 
From this container two 
Pipes lead out, the one 7 Fig „ 


172 
container in which the initial mixture is prepared; the capacity of this 
is about 230 litres; part 2 in the closed circuit, through which. the gases 


circulate to and from the lungs, when equilibrium is being established ; 
this has a capacity of about 14 litres; part 3 in the apparatus used - 


replacing the oxygen as this becomes: defisiont 


The technique of an experiment will be described, as this wilh best 


explain the working of the the front 


larger container A having 


motor-driven fan B is turned 
on to drive out any stale 
gases, and replace them with 
pure air; a similar process 
taking place at the same 
time in the rest of the 
apparatus. The front panel 
is now screwed in place, and 
the whole tested. for leaks; 
the fan is now again turned 
on and into the container is 
forced the measured quantity 


experiment; a few seconds 


starting high up inside, the 

other near the bottom; these both lead to 8 brass valve C, by which 
the container may be cut off from the rest of the circuit; during 
the process of mixing the CO, this has been shut; on opening it, and 
putting the subject in place and in connection 1 0 the mouth- piece, 


the direction of the air currents is as follows. Leaving the container 


by the bottom pipe, the air passes through the valve C and enters the 
respiration valve (R V), from here at inspiration it enters the mouth - piece 
and thus goes into the lungs of the subject, its return along the same 


path being prevented by the first respiration valve. On expiration the 
air pushes open the second respiration valve and passes into the soda 
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lime boxes D and E; here the CO; poured into the expired air is 
absorbed, the remaining gases passing back to the valve O, and from 
here being returned by the second pipe to the top of the container A. 
_ Binee the oxygen in the air is partially absorbed by the lungs, and since 
the CO, produced is removed by the soda lime, the total volume of the 
gases tends at each respiration to diminish by the amount of oxygen 
absorbed, thus causing a minus pressure. This is made good by passing 
a supply of pure oxygen in from the generating plant, so as to always 
just keep an even _— between the air in the container and that 
The air mixture is then breathed quietly, in and ont, for about half 
an hour, at the end of which time the necessary CO will have been 
absorbed; the valve C is rotated and the large container cut off, the 
gases now going round the small circuit only, this consisting of the soda 
lime boxes D and T and the two valves C and RV; now in order to 
have a variable capacity to take up momentarily the tidal air from the 
lungs, a rubber bladder is connected to the second lime box, and thus 
the respirations can continue the same as before. With so small a 
circuit as this, equilibrium between the contained gases and the blood 
very quickly takes place so that at the end of ten minutes it is 


With regard to the working of the apparatus, no anxiety was 
experienced, respiration was easy and regular, varying in rate from 14 
to 18 per minute; but was noticed to be somewhat deeper in character 
than normal. Further no abnormal symptoms of any kind were 
noticed even in the two experiments in which the blood was found to 
de 43% saturated, the head was quite clear, the pulse regular and tbe 
ability to use the spectroscope unimpaired. On moving however from 
the apparatus at the end.of an experiment, abnormal symptoms were 
i immediately noticed; at the end of the last experiment of the first 
series, particularly, a few stairs were ascended with the utmost difficulty, 
it being some minutes before vision returned, and a headache set in 
} ber remained during that evening and part of the following day. : 
“The muscular exertion needed during the experiments themeelves 
was practically nil, and I fotind myself therefore quite able to carry out 


- all: the processes necessary and be at the same time the subject of the 


experiments. One or two minor alterations were made for these experi- 
ments which are not recorded above; first I found that with the short 
: cireuit the air space was so small as to render the taking in of oxygen 

somewhat periodic, almost Cheyne-Stokes in type, thus at one 
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several dc. of oxygen would enter, at four successive ones practically nil. 
To avoid errors arising from this, I arranged a second entrance for 


the oxygen, through which a constant stream was admitted to the 


circuit ; this was adjusted so that a little was occasionally taken through 
the valve in the ordinary way. Further I found it advisable to replace 


half the soda lime in each of the boxes. by caustic soda sticks, which 
made a more efficient absorbent of OO,; the soda lime was placed in 


the bottom of the first box and at the top of the second in order to 


prevent any loose soda being accidentally carried into the air stream. 


Experiments. Douglas and Haldane have found evidence for 


- secretion when less oxygen is supplied to the tissues than that which 


their metabolism demands. This condition they have obtained in three 


) principal ways: (1) by reducing the efficiency of the blood as an oxygen 


carrier by saturating a portion of the available hemoglobin with CO; 


(2) by considerably lowering the O, tension of the inspired air, by means 


of a bigh altitude; (3) by doing work. 

1. In my first experiments I obtained a record of the subject Awa 
under practically normal resting conditions, and then attempted to 
induce secretion by saturating the hemoglobin with as much CO as 
was safe. For this I commenced with a low per cent. of CO in the large 
container and gradually increased this as the experiments continued. 
Of the 11 experiments performed four only were done by the expiratory 


‘method, as the low 


First Series of Experiments. 
9% sat. of blood with CO 
CO* used Arcuit circuit Method In vivo In vitro Diff. 
1880. 06 £15 10 Insp. 132 10 +2 
(2) 188 06 18 185 = 
(3) 276 12 „„ 21 25 18 
414 18 29°5 65 #8 +8 
(5) 845 20 15 +5 
10 86 85 +205 
o» 35 712 


Average diff. 71. 
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my experiments artificially produced and. 
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The last experiment is incomplete because symptoms of a distressing 
nature intervened, and the slight extra strain on the respiratory muscles 
necessary to circulate the air in the apparatus did not sats sufficient 


| a for equilibrium to become established. 


On comparing the values obtained in vivo and in vite it will be 
seen that in two only, namely, the second and third, was that in vitro in 
exe; and since this was at low CO saturation where secretion was 
unlikely, the results were probably due to error in reading ‘with the 


2. Having failed therefore, by the first method, to obtain evidence 


: for secretion, I attempted in my second series of experiments to simulate 


the effects of a high altitude, by artificially decreasing the tension of 
oxygen in the inspired air. This decrease in tension was brought about 
by admitting air into the apparatus instead of oxygen, to replace the 
oxygen used by the subject. This caused the oxygen tension to fall 


rapidly, and when this was sufficient, the air was shut off and oxygen 


again admitted, thus keeping the tension at the constant low level till 


the end of the experiment: Care had to be taken in doing this, for if 


once dyspnea was set up, then the accompanying increased respiratory 


efforts called for more oxygen, and thus by still further . the 


—T — the experiment to a premature end. 


‘Second Series of Experiments. 
, Expiratory method; time 10 minutes. 
ast. of blood with CO Anslysisofsiveolar 
Invivo Invitro Dit. CO; Ny Tensions of O 
@ 8 22 +8 18 5-2 87 646 
(8) 82 25 47 4˙8 892 42 
44) 80 28°5 +15 5-1 5 89-9 
(5) 20 28 1 7 5˙7 87˙8 49 
(0 27 184 +86 56 44 90 89°23 
() 1 25 · 5 — — — 
20 47 6 — — 
80 26-5 — — — 


If the showing the difference the in vivo 
eee etre it will be seen that here also I had failed to 


obtain evidence for secretion. I should point out however that my 


method was inferior to that of Haldane and Douglas, in that the 
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existed only for the short periods of the actual experiments, whereas 
with them it was the normal condition for some weeks, the maximum 
effect being observed towards the end of this period. This may have 
allowed the subject to become accommodated to the new conditions, 


the power to being’ in manner of a 


process. 

As mentioned there is a distinct in 
on diminished O, tension, namely, that one introduces: into the equili- 
brium a third phase, namely, reduced Hb; this will be discussed presently. 

3. In the last series of experiments the oxygen want in the tissues 
was introduced by doing work. This has the advantage that the intro- 
duction of the third phase is not so likely to occur, since the oxygen 
content of the inspired air is not tampered with. As in the last 


experiments the amount of work done has to be carefully controlled, 
precautions being taken not to set up excessive dyspnoea; for it was 
found that when once a certain point was reached the equilibrium | 


to become unstable, causing the respirations to increase in 
depth, till the experiment had to be stopped through inability to pass 


sufficient oxygen into the to supply excessive 
movements. 
Expiratory method. (Time on circuit, 10 minutes.) 

“Initial Diff. 


No, of Exp. 
86 
22˙5 
(8) 24 31-5 +38 1223 
30 24 ** 


In the causes for my failure to 


evidence for secretion, the part of the technique which first comes for 


examination is the method of dealing with the alveolar samples. This 
is of importance, not so much because my methods differ from those of 
Haldane, as because a failure on my part to obtain a true sample of 
alveolar air might very well mask the evidences of secretion actually: 
taking place. Three methods have been used by me for obtaining the 


alveolar samples, alterations being made when the possibility of improve- 
In the first series Of "experiments, 
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employed was as follows: In that portion of the respiration valve 
opposite the mouth-piece was.a hole, through this entered a rubber tube 
which passed into the mouth cavity of the subject and stopped just 
behind the tongue. At the end of an experiment, the alveolar sample 
was obtained by closing the connection of the rubber bladder just as 
an expiration was complete; a forced expiration being now made, some 
of the air compressed into the lime boxes, but the greater part passed 
down the rubber tube and a few c.c. being allowed to escape the rest 
was collected in a tube over water; now, the amount of this usually 
varied but was between 80 and 100 C..; and this took a second or two 
to collect since the rubber tube was of comparatively small bore. The 
sample obtained was however free from admixture with air from the 
dead spaces in the valve of the apparatus, and was found to contain 
actually. more CO, than .a normal sample of alveolar air; this. was 
probably due to the time taken to collect the sample, for during this 
time oxygen was being absorbed with the accompanying excretion of 
CO,. The effect of this would be to cause the saturation in vitro to be 
slightly greater than that which would have been obtained with ‘a true 
sample of alveolar air, and this possibly accounts for the difference 
between the saturations in vivo and in vitro being less in the first series 
than in the two series which follow. This was a disadvantage, which was 
added to by the fact that one could not foresee what would be precisely 
the effect of collecting the gas over water. The method was therefore 
abandoned in the second series of experiments for the following: At the 
end of an experiment a forced expiration was made which expelled as 
much of the supplemental air as possible, the mouth was then quickly 
placed in connection with the orifice of a glass syringe and the plunger 
quickly withdrawn. Precautions were taken to previously fill the small 
dead space in the syringe above the plunger with the dilute solution of 
blood afterwards used for determining the saturation in vitro. Care was 
also taken in drawing the sample to prevent contamination with expired 
ait, and yet to avoid delay. When the syringe had been filled the orifice 
was first closed with a little saliva, and then a small ball of Plasticine 
was pressed on with the tongue to act as a temporary stopper. It was 
found however that subsequent handling caused grave risk of this’ 
becoming removed, so that over all was slipped a small rubber cap closed 
at the top. To ascertain positively how far I had ‘been successful’ i in 
obtaining an alveolar sample by this method, I have compared: t the CO, 
content of obtained i in this with others * the 


: 
— 
i 
2 
‘ek 
iva 
* 
2 
=? 
25 
2 
4 
2 
: 
15 
> 
4 2 
> 
2 
‘a 
2 
*. 5 
81 
4 
F. 
4 
* 
A 
3 
1 
* 


We. 

“Vol, of 9-98 8°6 8.4 961 

00 %. 3 S16 6 386 
Dension of CO, 48 415 389 £42 433 422 
Pol. ot sample in 799 791 8,07 9588 8-66. 9505 


Vol. of 00% in %s. 49 4% ‘472 ‘675 528 485 


814 6% 681 5˙ò67 
Set 3. 
Fol. ot sample in 8°61 8206 — 
Pol. of GO, in 506 
6-05 62 5°. — 8 
828 886 7985 887 «S81 
Vol. of CO, in % 
JJ 
Tension of CO, 44% 45˙1 44˙2 40 


~The above figures agree well for the two methods, and shale sleet: 
mately the same variation as those found by Haldane and Priestley’. 
In the last series of experiments I employed the Haldane tube to obtain 
the samples, the squirts being fitted for the purpose with glass taps 
* connected with the side of the tube close to the mouth- piece. | 

The subsequent treatment of the alveolar samples, by which the 
Pari of the blood solution in vitro is performed, also calls for. 
careful consideration. In the first series of experiments the portion of. 
the gas sample was transferred from the collecting cylinder into a tube 
of about 50 c. capacity; this after being opened under a dilute blood. 
solution was corked and the process of saturating begun. In the second 
and third series this process took place straightway in the sampling 
syringes; the technique adopted being as follows: first the vessels were 
shaken for 15 minutes in the dark at room temperature at the end of 
which time they were transferred to the water-bath at 38°C. and shaken 


vigorously for a further 5 minutes, this being the process indicated? 


in a Previous paper when investigating the effects of * 
This Journal, x Il. p. 228, 1905. id. 1012. 
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‘Now when in the first two series of experiments I had failed to obtain 
‘evidence for secretion two questions arose: firstly, was the time I had 
allowed sufficient to permit of equilibrium having been reached, and 
secondly, was the quantity of blood in solution sufficiently great to 
cause an appreciable fall in the /, of CO in the gas mixture in bringing 
the blood up to the same tension. Now although I was unable 
experimentally to detect errors from either cause, I finally settled the 
matter by previously introducing some CO into the blood solution, 
which was placed in the sampling syringes in the last series of ex- 
periments, so that these should start above the final saturation reached. 
Further, the process of getting the Hb of the subject into equilibrium 
with the air in the respiration apparatus must be considered. By using 
alveolar samples I have been able to reduce the volume of the air to the 
smallest possible amount, depending on the capacity of the lung to give 
me a representative alveolar sample. The lime boxes, tubes and 
_ respiration valve have a capacity of less than 1} litres, that is one-tenth — 
that of similar apparatus used by Douglas and Haldane. Now in ten 

minutes, the duration of my experiments, each particle of gas has the 
Opportunity of entering and leaving the lungs at least 100 times, which 
should be more than sufficient to allow equilibrium to be reached. 
But apart from this, there are two other points to notice; the first is 
that in using an alveolar sample, I have in the tonometer a considerable 
amount of CO,; this Krogh, Haldane and myself! have found to be 
apparently an indifferent gas, without influence on the partition between 
O and O,. Lastly, unlike Haldane I have employed in the tonometers 
a dilute solution of blood, the advantages being that the time taken for 
equilibrium to be established is much reduced, and that it facilitates 
the subsequent spectroscopic examination. In my experiments I was 
unable to detect any difference between dilute and undilute blood“ 
With this the results of Haldane agree’. In all the experiments here 
described I was myself the subject of the experiment; now I am unable 
to say what the experience of other observers has been, but in the 
‘experiments of the last two series at any rate symptoms of an abnormal 
character very soon intervened; the mere saturation of the blood to 30 
or 40 % with CO causes no uneasiness, so long as it remained absolutely 
Bais but if at the same time the oxygen tension of the inspired air 
was lowered, or muscular work was performed, then a headache quickly 
doveloped ‘and’ was soon followed by nausea and vomiting. * may 
Ths Journal, xu. v. 1912. * Loe. pe 98. 
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Possibly indicate that I am an unsuitable subject for experiment. For 
this reason it has been ‘impractical to do more than four experiments 
lat a time, and between éach of them a short period of rest has béen 
‘allowed. These periods I have found to be of great benefit, the actual 
OO satiration of the subject cannot be materially affected thereby, and 
ib allows the system to clear out products of metabolism which may 
have accumulated during an experiment, through the extra strain on 


the respiratory mechanism. Now in considering the effects which a 


diminution in the amount of oxygen will have on the final equilibrium, 
the following have to be considered: firstly what is the effect of the 
reduced hemoglobin, part of which becomes oxidised in passing through 
‘the lung and part of which under certain conditions may pass through | 
and again enter the general circulation unchanged ; and — what i is 
* effect of other metabolites that may be present. 

Of these metabolites we have already considered CO, in this paper, 
ual on a previous occasion the effects of lactic acid’, so that as far as one 
‘can judge from the two examples, the products of metabolism do not 
influence the final equilibrium. That part of the hæmoglobin also 
which passed through the lung unchanged, in that it appears alike in 
both the blood samples obtained in vivo and in vitro, and in both 
ultimately ‘becomes oxidised during the spectroscopic examination, 
Would similarly appear to leave the final results of the experiment 

‘uninfluenced. But there is a part of the reduced hemoglobin which 
takes up CO during its passage through the lung, and this may greatly 
‘influence the final results, particularly if, as one would almost expect to 
be the case, the affinity of reduced hemoglobin for CO is greater than 
that of oxy. Hb for OO. Now to ascertain whether such is actually the 
‘ease; but one method appears to be available; since it is clearly im- 
possible either by keeping reduced Hb in the presence of oxygen, or 
oxy-heemoglobin in its absence, to ascertain and compare the final 
saturations obtained; that method is to measure the affinities by 
ascertaining the rates at which reduced and O, hemoglobin take up 
CO under exactly similar conditions, The experiments were performed 
‘as follows: into a Dewar vessel previously filled with nitrogen was placed 
a quantity of blood that had been reduced in the Barcroft pump, this 
was well stirred and the temperature carefully noted. Into a similar 
flask was placed the same quantity of well-oxygenated blood at the 
same temperature and through both was now passed a fine stream 
of coal ‘gas, the rates of bubbling being the same in each. At stated 

This Journal, 5. 97. 1912. 
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OXYGEN SEORETION IN THE LUNG. 181 
intervals samples were withdrawn and the CO saturation estimated 
with the spectroscope. The results of some experiments, done in con- 
1 junction with Mr A. V. Hill, were as follows, and * that the: 
5 rates were alike in the two cases. x 


„ 

62 68 69°5 
11 
29 
107 3 71 
12 79°25 


‘Thin ia of grat interst for it sams to prove that 


@ Me them the tension in the blood was 
not found to be greater than that in the alveolar air, although a 
e of producing O, want in the tissnes were tried. eee, 

| (a) By replacing O, by CO. 
(b) By lowering the O, tension. 
(c) By doing work. 
results vo far a8 they go do not conérm the view tha 
secreted by the lungs. 

(2) I have examined every part of the e 1 ~ in- 
W errors could mask the evidence of secretion: but I have been 
unable to discover anything that would account for the difference 
between my results and those of Haldane and Douglas 
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THE COMPARATIVE OSMOTIC PRESSURE OF THE 
BLOOD AND OF THE URINE, DURING DIURESIS 
CAUSED BY RINGER'S FLUID. BT GEORGE 


ra WINFIELD, M.A. (George Henry Lewes Student). 
(From the Physiological Laboratory, Cambridge.) 


Barcrort and Straub’ have shown that the injection of Ringer’s 


fluid into the blood vessels causes a copious secretion of urine even after 
the secretory activity of the tubules of the kidney has been destroyed. 


They showed further that the flow of urine in the latter case is not 


accompanied by an increase in the oxygen consumption, and that the 


urine has a percentage content of NaCl, approximately equal to that of | 


the serum. Hence they considered it probable that the urine and the 
serum were isotonic, and that 1 “secretion” is a 
purely, physical process. 

In this paper, I give an account of some experiments 1 have made to 


determine more nearly the tonicity of the blood and of the urine, after 


Kinger's fluid has been injected into the circulation. 

Method. Cats and rabbits were used; they were anssthetised with 
4. C. . mixture and with urethane. The operation. was in all respects 
similar to that described. by Barcroft and Straub. Cannule were 


inserted into the jugular vein, carotid or femoral artery, into the bladder, 
or occasionally into the ureters, When the cannula for the collection 


of the urine was put into the tip of the bladder, the urethral exit from 
the bladder was occluded by a ligature which passed round the bladder 
below the entrance of the ureters. The animals were in all cases 
eviscerated, as this tends to preserve a high blood-pressure in the early 
stages, and prevents the shock consequent upon ‘the prolonged exposure 
and manipulation of the abdominal viscera: The ‘urinary system and 
its blood supply were left intact. 


Diuresis was brought about by the injection of Ringer's fluid having 


the following composition: 
NaCl 090 /, KCI 0042 CaCl, 0024 /, Na, CO, 0.030 75 
? Barcroft and Straub. This Journal, XI. p. 145. 1910. 
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This was injected into the jugular vein after an initial bleeding in 
which from 30--60 c.c. of ‘blood were withdrawn. The injection almost 
invariably initiated a flow of urine which could be maintained by the 
injection of further quantities of Ringer's fluid. After from 200-300 c.c. 
of Ringer's fluid had been injected, a sample of urine was collected in a 
small tube. A corresponding sample of blood was withdrawn at the 
same time; this was prevented from clotting by the addition of a trace 
of hirudin, and by placing in ire. In some cases the blood was whipped 
and the defibrinated blood used in the subsequent analyses. The 
injection of Ringer's fluid was continued, and samples obtained after 
the injection of each 200 cc. until the death of the animal. Usually 
four such pairs of samples were obtained. The diuresis was continuous 
over a period of about two hours, the flow showing tides, corresponding 
to the injection of each 50 c.c. of Ringer's fluid. The urine which was 
passed between the samples was collected separately. The rate of urine 
flow was quite considerable varying from 1 c.c. adie oe minute in 
different animals. 

might be as complete as possible, and this was collected during the 
whole of one “tide” brought about by the injection of 50 c.c. of Ringer · 
The small amount of fluid rendered the direct determination of the 
freezing point by means of a Bechmann thermometer a matter of 
extreme difficulty. A microscopical method, due to Barger’, of com- 
paring the osmotic pressure was therefore used. The advantages of the 
method lie in its sensitiveness and, what is of no less importance, in the 
small amount of fluid necessary. Its principle is to observe the direction 
of change of size in drops of the solution placed in capillary tubes 

alternately with drops of a standard solution of known freezing point. 
| The freezing points of such solutions as were likely to be met with 
in these experiments, varied from that of normal blood which is about 
— 0°59° C. to that of normal urine, which may have any value down to 
about —3°0° C. Solutions having such low freezing points were not 
vital to the research and consequently were only approximately 
measured. Standard solutions of boric acid, H,BO,, i in water were made; 
calculating on the basis that boric acid is undissociated in water, a 
| depression of 18-9“ C. will be obtained by dissolving 62 grams of H,BO, 
in 100 Ce. of water, or 1° C. depression of the freezing point, by 3°28 grams 
of H,BO,. Six solutions having freezing points of -0°5° C., — 06° C., 
-07°C, -08°C, - 09 C, —1°C. were made on this basis, values 

1 Barger. Trans. Chem. Society, uxxxvi. p. 286. 1904. 
PH, XLV. 13 
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intermediate between these were obtuined by a method of n 
A series of capillary tubes were prepared from a carefully cleaned and 


dry glass tube, of about 12 mm. diameter drawn out to form tubes of 
from I to 2 mm. bore and 30 to 60 em. long. These were kept sealed at 


the ends and lengths of about three inches long out off as required. 
The tube was filled with alternate drops of the standard solution and of 
the urine. The first and last drops were always of the standard solution 
and, as they were not measured, were always of large sine. A seven 
drop tube, of which only five drops were measured, was always used. 
Two sets of measurements were made, one, soon after filling the tubes, 
the other several hours later. The measurements were made with a 
objective, and an eyepiece micrometer x 8. We are not concerned 
so much with the magnitude, as with the direction of the change, that 
is whether the drops of the standard or those of the solution of unknown 
frosting point increase in size, or whether they remain the same. 

The drop which has the greater concentration has the smaller vapour 
pressure, and hence we get a distillation of the solvent from the drop 
with the lower osmotic pressure to that with the higher, with a 
consequent diminution in the size of one drop and an increase in that 


of the other. This is shown in the following example. The measure- 


ments are in arbitrary units which depend only on the scale used in the 


micrometer eyepiece. The differences between the readings immediately 
after filling and those twenty-four hours later are recorded. The sign 
+ indicates an increase, the sign — a diminution in the size of the drop. 


Drine. of Standard 8 

-0-6° O. +12 16 +16 ~17 +20 
The equilibrium was obtained somewhere between the standards of freezing points 
-0°7° C. and —0°6° C. The change in aggregate thickness between the urine drops and 


equilibrium is at — 6+ - | 
The blood samples were treated pe in the same way. 


The chlorides were estimated by the usual Volhard method, using | 


freshly prepared and accurately standardised solutions of silver nitrate, 


and potassium sulphocyanate. The silver nitrate was standardised — 


against a solution of sodium chloride, containing 001 gr. NaCl per 1 C. c. 
Some difficulty was at first experienced in the estimation of the chlorides 
of the blood. This was due to ashing at too high a temperature. The 
experiments en are ‘those e 25 3 4; — 1 values are all 
too 


92 
2 
* 
3 
figs 
2 
4 
1 
i 
* 
“a 
4 ¢ 
2 
is’, 
* 
oe 
ve 
in 
3 
4 
§ 
8 
3a 
| 
a 
1 


OSMOTIC PRESSURE OF BLOOD AND URINE. 185 


406. 89. 98. 19. 06. 09. 88. 69. 18. 09. 06. 09. 89. 86. 09 19. 09. 98. 09 
80. 80. 86. 570. 26. 89. 79. 86- 89. 88. 88. 576. 09. 76. 89. 801 9. 68. 99. 66- 99: 
09- 88. 89. 18. 89. 98. 09. GL- 19. 61. 99. 06. — 88 19. — 0. — — 98. 99 | 
86, 09- 00-1 99- 16. 49. 89- 86. 19, 68. 99 76. — 86. 09. $6 — — 06 99 
. — 89. 88. 00, 81. 09 STL %.. — — — 8% . 00. — 99 of 
28 — 00, 69. — ok. 98.1 OL: 8. 6S 96- 99 — — — — 96- 60-T 08, 06- OL- 
„„ mf. — — 00. 88. 6 — — — SET  O8T — — 
— !“2) — — — % —— — — pooig 


52 
5 
a 
24 
a * 
| 
7 
-& 
8 
qa 
L* 
— - 
4 
4 
; ‘ g 
* 
N. 
4 
* 
‘ 
4 * 
7 
“4 
7 
ia 
‘Ss 
7 
i 
4 
“Cal 
N 
: 
* 
5 
13 2 
* 
‘ * 
* 


1%nR⁰nůn 


Some of the later determinations of the freezing points were made 


with a Bechmann thermometer and served as a check upon the Bargers 


method; The last experiment No. 11 was completed by a simultaneous 
determination of the oxygen metabolism of the kidney during the 
different periods of diuresis. 

Results. The results of the experiments are tabulated below. For 
each experiment they are given in two consecutive vertical columns ; 
that marked A being the depression of the freezing point in degrees 


Centigrade below zero C.; the other column giving the percentage of 


chlorine present in the fluid as sodium chloride. 

A study of the above table shows that there is a tendency, under the 
conditions of these experiments, to a close approximation of the osmotic 
pressure of the blood and of the urine. If the freezing point deter- 


minations are examined in the horizontal line marked Samples IV the 


total osmotic pressure will be seen to be equal for each pair within the 


limits of error of the experimental conditions. These errors are due 


not so much to the methods of analysis as to changes in the fluids, 
slight evaporation and perhaps slight decomposition occurring, before 
the analysis could be performed. 

This isotonicity is shawn, not only by the total osmotic pressure, but 


also by the partial pressures exerted by the individual members of the 
salts of the two fluids, at least so far as the percentage of total chlorine — 


ions is concerned. It will be noticed that the values given under the 
heading NaCl in each experiment are approximately equal in the fourth 
samples. Whether or not the isotonicity extended to the urea and to the 
sulphates was not determined, since the solutions were relatively poor 
in these substances. Albumin and sugar were never present in the 
urine, and although a small amount of hemoglobin was present in the 


first samples of urine, this was derived from operative interference with 


the bladder wall, and the later samples were always free from contamina- 


tion. The average freezing point of samples IV is 0°610° C. while the 


average percentage of NaCl is 908 gram per cent. Assuming that this 


is completely ionised then the solution should have a freezing point 


of C. 
The results of the experiments seem to justify the view that there is 


a mechanical separation of urine occurring in some part of the kidney, 


probably in the glomerulus. One interesting point is the rapidity with 
which the chloride appears in the urine, and the large amount present. 


In several cases (Exps. 2, 3, 6, 8, 10) the percentage of NaCl in the early 


samples exceeds the amount n the isotonic — On the 
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view that the glomerular filtrate is concentrated, as it passes down the 
tubule, this would necessitate the passage of an increased bulk of urine, 
after asphyxiation of the tubular epithelium. Such an increase was 
not found by Barcroft and Straub, nor did it occur in the experiments 
made by myself. It would appear then that the tubules secrete the urine, 
rather than act as concentrators of the glomerular filtrate. In the last 
experiment made (Exp. 11) the gaseous metabolism of the kidney was 


determined. There was a fall in the oxygen consumption as the 


tubular epithelium became asphyxiated, and it was not until the gaseous 
metabolism reached a value }—4 of that of the normal kidney that the 
tubular action was abolished and the urine became isotonic. 


Summary. 


0 On injecting Ringer’s fluid into the citeislation the urine — 


after a time isotonic with the blood. : 

(2) In the one experiment made the oxygen ee was 
found to be 4—} normal when isotonicity was obtained. 

(3) Fora time the percentage of W in the urine e that 
10 the blood. 

(4) These two values finally become equal. 


The results are best explained if we suppose that the slice 


separate from the blood, a fluid which is isotonic with the plasma. 
This factor is a physical one. The composition of this filtrate is altered 
by the secretion of more material into it by the tubular — as 
the fluid passes down the tubule. 


I wish to thank Mr Bareroft for his kind help, and suggestions. N 
Lae Tue expenses of this research have been mainly defrayed by a grant from the Royal 
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| THE OXYGEN EXCHANGE OF THE SUPRARENAL | 


GLAND. By K. 0. e 


Tunis paper deals with the question of the amount of oxygen taken in 
by a unit weight of the suprarenal gland in a unit of time. The venous 
blood flowing out of the gland was compared, as regards its oxygen 
content, with an equal amount of arterial blood, collected at the same 


time. The Barcroft-Roberts differential blood-gas apparatus (h was used. 


The experiments were chiefly made on cats, but a few were made on 
rabbits. The animals were first ansesthetised with chloroform in the case 


of cats, and with ether in the case of rabbits; urethane was then injected 


and A. C. x. mixture given as required by a tracheal tube. The abdominal 
viscera were removed with the exception of the suprarenals, the kidneys 
and the liver, the arteries being first tied, the blood pressed out of the 
organs and then the v. porte and ductus choledochus tied. A cannula 
was tied into an artery to collect samples of arterial blood, usually the 

aorta abdominalis at the level of the kidneys. To collect samples of the 


blood from the suprarenal gland it is best to insert the cannula into the 
v. cava or v. renalis as close to the v. suprarenalis as possible, the 


suprarenal vein itself being too small in the cat or rabbit. As a rule it 
is advisable to collect the blood only of the left suprarenal body, which 
is clearly visible after the removal of the intestine. The right gland is 
almost always hidden and attached to the v. cava by connective tissue. 
If, as sometimes happens, the vv. suprarenales join the v. cava at almost 
the same level, it is necessary to collect the blood of both glands together. 
In cate the left suprarenal vein will be found in the majority of cases to 
join the v. cava directly, while in others it joins the renal vein. In the 
first case it is best to tie the cannula into the v. cava, in the second into 
the renal vein, The left suprarenal vein, which passes over the ventral 
side of the gland, is a continuation of two or three smaller veins which 
come from the muscles of the back (v. ee These must be — 
close to the organ. . 
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OXYGEN EXCHANGE OF SUPRARENAL. 189 
Almost immediately after tying, the colour of the blood as seen 


2 through the wall of the suprarenal vein becomes much redder. Accord - 


ing to. the anatomical condition of the animal either the v. cava just 
above the suprarenal vein, or the renal vein medial of the suprarenal 


_ vein is tied and the blood of the gland is thus forced into the cannula 


mentioned above and a horizontally placed pipette joined to the cannula. 
The pipette is graduated into tenths of a c.c., its internal surface 


moistened immediately before use with a freshly prepared solution of 
hirudin. It has proved to be better to divert the blood into the cannula by — 
_ tying than by clamping the vena cava or the renal vein. The samples of 
_ arterial blood are best collected simultaneously with the venous blood. 
After the blood was analysed, I made sure by injecting and dissecting 
that the venous blood collected only came from the suprarenal gland. | 
This organ was then cut out and weighed. 


An attempt to determine the oxygen consumption of the 1 5 


75 gland, but paying no regard to rate of blood-flow and weight of the 


organ, was made several years ago by Langlois and Chassevantw. 
These authors compared the blood flowing out of the suprarenal gland 
with that of the femoral vein and drew the conclusion that, since the 


venous blood contains relatively large quantities of oxygen, the gland 


uses a small quantity of oxygen only. The present investigation con- 


firms the general trend of their analysis, but shows their deduction to 


be entirely fallacious. 

A summary of the first experiments I did on this subject was given 
in a previous communication@, The mean values given there were lower 
than those in later experiments, with regard both to the rate of blood- 
flow and to the amount of oxygen used by the organ per gram and 
minute, This results from greater care in the later experiments in 
maintaining a good blood-pressure and in keeping the suprarenal as 
nearly as possible at the temperature whole 


operation. 


The following are my more 8 determinations of the “ i ooaiiidlent 
of oxidation to use the phrase of Chauveau and Kauffmann—of the 
— bodies: 

used per gram per min.: 
i. Cate (successive experiments): 5 


u. Rabbits (successive experiments) : 
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The coefficient is greater than that of any resting organ which has 


yet been accurately investigated, thus for the submaxillary gland it is 


about 02, for the kidney about ‘016 and for the liver 018 or less. 
It must be noticed that when duplicate determinations were made 
the results above differed only by about 8%. In this connection 


Fig. 1. Exp. 2. line shows 


we le also cite the following four determinations of the coefficient of 
oxidation in other, though not normal, animals, in one 11, 12, 12, in 
another ‘07 and 05, There is no greater error than can be accounted 
for by the necessary errors of gas analysis, The degree of error depends 


upon the difference of pressure in the apparatus. This varied in differ- 


ent experiments, I have in each case calculated from the difference of 


_ Pressure the limits of experimental error and give them in the Tables. 
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Large as is the coefficient of oxidation I have been able to raise it 
materially by the intravenous injection of adrenalin. _ 7 | 
Each injection of adrenalin caused a rise in the oxygen consumption. — 1 
In some cases two samples were taken during the rise of pressure caused 
by the adrenalin. In Exp. 6, in which the second sample was taken 
immediately before and whilst the injection was made, the increased 
metabolism was only apparent in the third. No doubt this was partly 
due to the fact that some of the blood in the second sample was that 
contained in the dead space, as the collection ‘of ‘this gangs was started 7 
3 sed before the injection of adrenalin. | 
In Fig. 1 1 have an illustrative tracing taken from Exp. 2: i. is the 


d. 
| TABLE 
Weight of Aer. 
Exp. Anima 2 gram and 
1 Rabbit Len 2 () 4,10 % 00 03 
„„ 
(e) oss 07 2 
(% 3°54 Ol 0¹ 


and by injecting “1 mg. of 


2 o vi 
le) 6°95 022 
% 008 
‘1 mg, adrenalin. 
(a) 40 08 0¹ 
| 6) sss 
(e) 4°22 ‘18 01 
(a) taken before injection of mg. adrenalin, 
; e) at the beginning of the fall of pressure. 3 we 
Len 208 (a) 8°42 
(b) 5°74 18 02 
(e) 164 03 005 
: | (d) 04 008 
(d 4-28 181 01 
e) % 1407 0 
(f) 4°86 O17 
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later the collection of sample (e) was started, between taking sample (e) and sample (d) 


there was an interval of 1 min. 85 secs., 2 mins. 26 secs. after sample (d) · I mg. adrenalin 


was injected again, sample (e) taken during the platesa ane e mins. 6 secs. later’ cet 


adrenalin more injected and sample (f) taken during the pressor effect. 


The arterial blood-pressure was about 115 mm, Hg during taking eee 
about 182 mm. at sample (e), which was taken during the rise produced by adrenalin, 
about 100 mm. at sample (d) during the fall, 184 mm. at sample (e), taken during the 
plateau of the second injection of oe and about 100 mm. during taking sey (f) 


| 
| 
| 


‘Sample (a). 


7 Cat | Left 133 (a) 10°02 07 
(b) 92 0⁵ 
(e) 8 00 


. adrenalin was injected after sample (b). 


‘6 Left 204 (a) 687 
7-66 0 
166% 
(d) #21 8 
(e) 8°29. 120 
(f) 2-94 "044 


- adtenalin ‘was injected 1 min. 56 secs. after taking sample (a) and 2 mins. 10 secs. after | 


OR 


02 


02 


01 


03 


00 
Img. 


i The arterial blood-pressure was about 180 mm. Hg whilst sample (2) was taken, 
about 180 mm. during samples (e) and (d), and 72 mm. during sample (/). „„ 
035 
+08 


| Tue blood-pressure was about 186 mm. Hg at the beginning of taking sample (a), 
110 mm. at taking sample (e). Samples taken at 12.46, 12.55 and 1.35 p.m. 


Both 405 (a) 5-29 0 02 
b) 10°22 12 
Img. adrenalin was injected after sample (a). 
9 Cat 2 (a) 586 
(a) oes 245 027 
017 


Blood-pressure abont 180 mm. Hg at taking 66 mm. a aking mpl 


It will be seen from the Table that the oxygen use was increased by 
injecting adrenalin. The coefficient was in ‘one case above 2, in two 
cases above 15 and in six cases above 1 c.c. per gram per min. The 
slight increase in the rate of blood-flow was accompanied by a marked 
increase in metabolism. In Exps. 3, 5, 6, 7 the rate of blood-flow 
corresponded to the general arterial pressure, and was but slightly 
increased or was even slower after adrenalin was injected although 
the 9 use was considerably increased ; it is obvious that in these 
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experiments increase in the blood-flow was not the cause of the in- 

creased metabolism, and we may infer that in the experiments in which 

the blood-flow: was markedly increased, its effect. on ee was 

only a subsidiary one. : 

| The organ which approaches the nearest to the suprarenal, as 8 
the blood supply, i is the thyroid gland with over 5 c.¢. of blood per 

gram per min. according to Tschuewskyw. 

Exp. 7 was performed specially with the object of testing the point 
mentioned above, After the normal sample was taken the animal was 
bled to the extent necessary to make the rate of flow during the 
adrenalin-sample less than during the normal samples, nevertheless 
the oxidation was increased. It would seem therefore that adrenalin 
produces a specific increase in the metabolism of the suprarenal gland. 

In Exp. 7 the rate of. blood-flow and the coefficient of oxidation 
were considerably greater than that which occurred in the other experi- 
ments (cf. Tuble I). A similar result was obtained in 


4 
Exp. 10 Cat 2 (a) 918 0.0. 11 0. 
(c) 9˙18 12 — 


Blood - press ure about 180 mm. whilst taking the samples. oath 

Both of these animals were in an advanced:stage of pregnancy, and 
it is possible that the greater metabolism was due to this state. Kolmer@ 
has described histological changes in the suprarouals of the e 
| guinea-pig. 

In general it may be said that an 3 blood-pressure of 130 mg. 
Hg was accompanied by a blood-flow through the gland of 6 to 7 cc. 
per gram of organ per minute. I may note that in my early experiments 
in which the rate of blood-flow through the gland was sub-normal, there 
was a rough correspondence between the rate of blood-flow and the 
oxygen use, indicating that in these circumstances this former does 
increase the latter. The effect might be produced either by a direct 
action or by an increase in the temperature of the gland, which on 
account of its superficial position has a tendency to become cooled. 
The experiments are given in Table II, and @ are setae in the — of 
rate of blood-flow. 

In Exp. F, the rate of blood-flow is very low, the oxygen: con- 
sumption diminished, but still quite considerable, which seems to point 
to a certain degree of activity of the gland. : 
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Biedlis found that the injection of suprarenal extract in the dog 

| caused a primary increase of the blood-flow through the suprarenal gland 

and then a decrease. He considered that this showed the presence of 
vaso-constrictor nerve fibres in the gland. As will be seen from the data 
given in ‘Tables I ant Il have found no — evidence - vaso- 


TABLE II. 
A Left 12 39 05 0.0. “01 
D Rabbit Both (% 1°16 084 
| (>) 1-34. 003 
E Cat Left 285 19 05 008 


the Punt experiments the arterial Nood-preseare varied from about 70 to 100 
mm. Hg, in the following it was about 40 to 45 mm. 
1 Oat Both 87 28 018 0016 

In order to compare the rate of blood-flow and oxygen use in the 
kidney with that of the suprarenal gland, the following experiments 
were made, 


a 11. Cat. Weight of lett kidney 21°7 grs. 


Rate of blood flow Oxygen used off experimental. en 
la) 1660, "06 c.c. 005 
(bd) 25 3 901 005 


Sample (b) was taken during the rise of blood-pressure produced by -1 mg. of adrenalin. 
: The blood-pressure and the amount of blood-flow through the kidney before, during, 
and after adrenalin are shown in Fig. 2, 


It will be seen from the Table that in the kidney the decreased blood- 
flow caused by adrenalin was accompanied by a large decrease in the 
oxygen use, In the following experiment observations were made 
simultaneously on the suprarenal gland and the kidney. 


Exp. 12. Rabbit. Weicht of 
— 


(a) Suprarenal 1.16 ac. 06 6.0. 006 
Kidney 22 900007 
| Img. adrenalin was injected after (b). 


8 
3 
4 8 
** 
: 
2 
4 
— 
ig 
r 
5 
on 
2 
“a 
4 
4 
5. 


OXYGEN EXCHANGE OF SUPRARENAL. 195 


5 In this experiment the injection of adrenalin was followed by 
increased blood - flo and increased oxygen use as in the suprarenal body, 
whilst there was decreased blood - flow and decreased oxygen use in the 
kidney. 


Fig. 2. Exp. 11. The upper line shows the arterial blood-pressure, the middle line shows 
the blood-flow through the kidney, each ¢.c. being marked by an electric signal. Time 
in seconds. | 


Summary. 


1. The suprarenal gland has a remarkably rich supply of blood, 
which varies of course with the general blood-pressure. To a pressure 
of 130 mm. of mercury corresponds an amount of 6 to 7 d. of blood per 
gram and minute of gland. This is, so far as known, the highest figure 
of blood-supply for any normal organ; the nearest being the thyroid 
gland with over 5 cc. per gram and minute of organ. 

2. The blood-flow through the gland during the pressor effect of 
adrenalin is slightly increased. : 

3. The suprarenal body has an oxygen-consumption of about 
045 c.c. per gram and minute of organ. 

4. During the rise of blood-pressure caused by adrenalin the supra- 
renal body shows an increase of the oxygen consumption, the amount of 
oxygen used being sometimes raised more than threefold. The oxygen 
consumption of the kiduey in simultaneous and control experiments is 
greatly diminished during the high blood-pressure produced by injection 
of adrenalin. 


I wish to express my sincerest thanks to Prof. Langley for allowing 
me to work in the Cambridge Physiological Laboratory as well as for his 
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kind advice and criticism: I have much pleasure also in thanking 
Mr Barcroft for the invaluable help he has given me throughout the 
work, as well as for instruction in method and we the ö * 
several of the blood-gas analyses. 
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THE FUNCTION OF LIPOIDS IN TISSUE RESPIRATION 
_ AND IN THE ACTIVITY OF OXIDASES. Br H. M. 
VERNON. 


(From the Physiological Laboratory, 


1 a previous paper I showed that if saline containing e oon 
centrations of various poisons were perfused through freshly excised 
‘mammalian kidneys, their destructive action on the gaseous metabolism 
and on the oxidase content of the tissues did not as a rule run parallel. 
If we assume that the respiration of the tissues is dependent on oxidising 
enzymes, it follows that there is some link in the chain of oxidation 
processes which a poison can injure or destroy without its necessarily 
affecting the enzymes. The experiments described below seem to 
indicate that this link is a lipoid membrane. 

The experimental procedure consisted in an investigation of the action 
of various concentrations of ethyl, propyl and butyl alcohols on the 
gaseous metabolism and oxidase content of mammalian kidneys. The 
methods employed were the same as those described in previous papers’. 
A rabbit’s kidney was perfused for 15 minutes with oxygenated Ringer's 
solution to wash out the blood, the organ being gently massaged from 
time to time to assist the circulation. It was then poisoned for 30 
minutes with saline containing the alcohol under examination, about 
10 ec. of solution being perfused for each gram weight of kidney. The 
alcohol was washed out by a 30 minutes’ perfusion with fresh oxygenated 
Kinger's solution, and for the next 90 minutes the perfused saline was 
allowed to collect under petroleum in the vessel surrounding the kidney. 
At the end of this period a weighed amount of it was boiled in vacuo, 
and the gases coming off collected and analysed. Their composition, 
compared with that of the gases in a sample of the oxygenated Ringer's 


Solution before perfusion, gave the CO, output and oxygen intake of the 


kidney. The kidney was kept approximately at 18° during the period 
bor which ita gaseous metabolism was determined by surrounding the 


1 Vernon. This Journal, XIV. p. 150. 1912. 
1 Vernon. Ibid. XXV. p. 58. 1906: xxxrx. p. 149. 1909. 
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198 H. M. VERNON. | 
kidney vessel with a water bath, but during the poisoning it was ‘iad 


to the air, and its temperature varjed on different occasions between 


the extremes of 13° and 17°. 


At the end of the perfusion, the kidney was cut in six or eight slices, 


and these were dried for half an hour 
between layers of blotting paper. They 
were weighed, and the oxidase content 

of a 5 gm. sample of the finely chopped 
kidney determined by the method— 


dependent ou the indophenol reaction— 


described in previous papers’. 


and on 


The results of the experiments with 
ethyl, propyl and butyl alcohols are 
shown graphically in Fig. 1. It will be 
seen that the abscissa gives the con- 
centration of the alcohols in gram 


molecular weights, plotted out in log- | 
arithmie series. This is preferable to 


plotting the values in arithmetical series, 


for it means that a doubling or halving 


of the concentration is represented by 


equal distances at every point on the 


scale. The ordinates represent per- 
centage of CO, output compared with 


that of normal unpoisoned kidneys. 


Previous determinations showed this to 
be on an average 130 c.c. per kilogram 
per hour during the 1} to 2? hour 


period of perfusion, 1.c. the period over 


which the respiration of these poisoned 
kidneys was determined. The ordinates 
also represent the percentage of oxidase 
in the kidney, on that present in kidneys 


which had been perfused for 14 hours 


vith oxygenated Ringer 's solution. 
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Fig. 1. 


1 Vernon. This Journal, it. p. 402, 1911; xm. 5. 96. 1911. 


CONCENTRATION OF 


~ 
a 
3 
1 
fy ve 
HEA 4 
12 
x 
‘Be 
; 
L 
B 
a 
| 
me | 
. 
Wg 
i 
8 
2 
* 
* 
2 
a 
8 
Z 
* 
| ⁊ 
ry — 
* 
2 
g 
a 
1 
Pe 
| 


FUNCTION OF LIPOIDS. 199 


Previous determinations, made during the winter, showed this to be 22 
units (1.6. 5 gm. of the kidney oxidised 22% of the naphthol + diamine 
to indophenol in an hour), but fresh determinations made during the 
summer months gave a mean value of 17. The reason of this difference 
is unknown, but a similar difference had previously been noted in the 
_ oxidase value of fresh unperfused kidneys, that found in the winter being 
24, and that in the summer 183. Consequently, as some of the present 
experiments were made in winter and some in summer, the values given 
are calculated as percentages on the corresponding mean value of 
unpoisoned kidneys. The black dots indicate winter en and the 
clear circles summer ones, 
As far as is known the gaseous metabolism does not vary at all with 
season, and in any case all of the values recorded were determined during 
the winter. These values show that small concentrations of the alcohols 
stimulate the tissues to increased gaseous metabolism, for after poisoning 
with 8 M ethyl alcohol and with 3 M butyl alcohol values 21% above 
the normal were obtained. This excitatory effect speedily gives way to 
a permanently destructive effect on the respiration as the concentration 
of alcohol increases, though such concentration has to be increased to 
about three times the amount which first injures respiration before it 
destroys it entirely. It is not possible to determine accurately the actual 
point of complete destruction, as the estimation of the very small 
quantities of CO, eliminated from badly poisoned kidneys, depending as 
it does on the difference in the analyses of the gases of two saline 
solutions, is necessarily rather inexact: but taking the curves as they 
are given in the figure, it appears that butyl alcohol is 32 to 3°6 times 
more toxic than propyl, and propyl 2˙8 to 3˙1 times more toxic than 
‘ethyl alcohol. The oxygen intake of the kidneys was affected by the 
alcohol poisoning to the same extent as the CO, output. The average 
respiratory quotient of the whole of the observations amounted to 80; 
or dividing them into two halves, those in which smaller concentrations 
of alcohol were used gave an average quotient of 80, and those in which 
larger concentrations were used, one of ‘79. Hence the alcohols did not 
act more destructively on the CO, producing powers of the tissues than 
on their oxygen absorbing powers, as acids and alkalis do. 

The oxidase values of the kidneys are rather irregular, partly because 
the initial amount of oxidase in fresh kidneys varies considerably even 
at the same time of year (at least as 1 to 1°35), and also because the 
seasonal differences already remarked on cannot be wholly corrected 25 

1 Of. Vernon. W 149. 1909. 
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Thus it will be seen from the figure that the three results obtained with 
propyl alcohol in the summer are consistently lower than the results 


obtained with similar concentrations during the winter. Nevertheless 


the mean curves drawn through the experimental values may be taken 
to represent approximately the amount of oxidase present in the kidneys 
after the alechol poisoning. They are of more or less the same form for 
all three alcohols, and bear similar relationships to the corresponding 
curves representing the CO, output of the kidneys, They show that the 


- oxidase is much more resistant to the alcohols than the respiration. . It 


is affected little if at all by concentrations which destroy half of the 
respiratory power of the tissues, but it appears to undergo complete 
destruction at about the same concentrations which completely 3 
the respiration. 

It will be noted that even with the smallest concentrations of ethyl and buty! alechols 
investigated the oxidase values obtained were apparently not maximal. This is probably 
a misleading result, and is due to the fact that these particular experiments were made in 
March, when the average oxidase content of normal kidneys is not so high as the winter 
maximum they were calculated against. 7 

These experiments with alcohols agree with the majority of those 
described in my previous paper in showing a differential effect of the 
poisons on respiration and on oxidase, but experiments described in a 


subsequent section indicate that under suitable circumstances the oxidase — 


may begin to be destroyed by the same concentrations of alcohols which 
begin to destroy the respiration. These concentrations are similar to, 


and may be identical with, the concentrations which lake red blood 


corpuscles, i.e. with those which dissolve the lipoid membranes of the 
corpuscles. The laking concentrations observed by Fühner and 
Neubauer’ are indicated in the figure, and it will be seen that they 


are rather smaller than those which began to act destructively on the 


respiration. Undoubtedly, however, the smaller concentrations of 
alcohols stimulated the respiration of the kidney cells considerably, and 
this stimulation effect would more than neutralise the initial stages of 


their destructive action. 


Action 
The action of the alcohols on minoed kidney was tested by adding 


10 c.c. of saline containing the alcohol under examination to a 5 gm. 


8 Fühner and Neubauer Zutrib. f. Physiol, xx. p. 117. 1907: earlier determina- 
tions were made by Wirgin. teck. J. Hyg. xuvt. p. 149. 1900664. 
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FUNOTION OF LIPOIDS. _ 21 
sample of finely chopped kidney in a Petri dish, and stirring it up well. 


Thirty minutes later the rather milky fluid was carefully drawn off from 


the solid tissue particles with a pipette, and 15 c.c. of fresh saline added 

in its place. Ten minutes later this was pipetted off, and the remaining 
traces of saline were allowed to drain away by placing the dish in a 
vertical position for half an hour. The naphthol + diamine reagent was 
added, and the indophenol formed in an hour determined in the usual 
way. One or more control observations with saline only were always 
made, and the oxidase values obtained in the alcohol experiments were 
calculated as percentages on these control values. Errors due to 
differences in the oxidase content of different kidneys were thereby 


 ¢liminated. | 


As has been explained in previous papers, all tissues contain 


reducing substances as well as oxidising enzymes, and if the oxidases 
de destroyed, these reducing substances may retard or almost wholly 


prevent the slow spontaneous oxidation which ordinarily proceeds 
in the naphthol + diamine mixture. The calculated amount of this 
spontaneous oxidation was always deducted from the total oxidation 


found in each experiment, and hence negative oxidase values are 
obtained when the oxidase present in a tissue is very small in amount. 
When the kidney oxidase was almost wholly destroyed by concentrated 
alcohols, the maximum negative values obtained in the experiments 


with methyl, ethyl, propyl, butyl and heptyl alcohols were 17, 17, 15, 


16 and 15% respectively, or on an average —16°/,. As a matter of 


convenience this figure was treated as the zero of oxidase content 


min the data described above, and in those to be described immediately, 


and if, for instance, the oxidase content of a tissue were found ex- 


perimentally to be 50% of the maximum, it was assumed to contain 


A = 57°), of the total oxidase originally present, or if it were 
found to be 0% of the maximum (ia. to show just as much oxidation 
in an hour as was shown by the spontaneously oxidising naphthol + 
diamine), it was assumed to contain 1g = 13-8 % of the total oxidase 
originally present. A simpler and almost as accurate a plan is to 
determine the total oxidation effected by a tissue sample, and deduct 


nothing for the spontaneous oxidation of the naphthol & diamine 


reagent. The small error arising thereby depends on the fact that the 


‘reducing substances of the tissues do not entirely prevent the spon- 


taneous oxidation of the naphthol + diamine, and so the zero taken is 
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slightly too low. Also the amount 
of such spontaneous oxidation varies 
appreciably with illumination, tem- 
perature, and other conditions. | Stil! 
this method of calculation has been 
employed in certain results to be de- : 
scribed subsequently. | 
| The experimental values obtained 
with methyl, ethyl, propyl, and butyl 
alcohols are shown in Fig. 2, and it 
will be seen that for the most part 
they are in good agreement with the 
mean curves drawn through them. 
For the sake of comparison, the mean 
curves obtained for the oxidase con- 
tent of perfused kidneys are repro- 
duced as well, and it will be seen that 
with all but the- low concentrations off 
a | each alcohol the amount of oxidase | — 
a | destroyed was considerably smaller 
iH} than in the corresponding experi- 
ments with minced kidney. A simi- 
lar result was obtained in most of the 
previously recorded experiments with 
other poisons. Its significance will be 
discussed subsequently. 
It will be noticed that minced 
kidney treated with low concentra- | 
tions of methyl alcohol had an oxi- 
* dasio power some 10% greater than 
| that of unpoisoned kidney, whilst the 
| ethyl alcohol values were likewise a 
_ little above the normal. The expla- 
nation of this is unknown. Once the 
destructive influence of an alcohol 
upon the oxidase begins to show | 5 
itself, a comparatively slight increase | 
of concentration may be sufficient to ‘destroy it completely. Thus. 
105M methyl alcohol is just insufficient to injure the oxidase at 
all, whilst 14M alcohol destroys it ee 48M ethyl aleohol 
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does not injure it, whilst 8 M alcohol destroys it. The ratio between 
the concentration of alcohol which is just insufficient to act on the 
oxidase, and that which destroys it completely, is as 1 to 1:38 for 
methyl alcohol: as 1 to 1:67 for ethyl alcohol: as 1 to 1°88 for propyl — 
alcohol, and as 1 to 281 for butyl alcohol, With higher alcohols 
than butyl the ratio in all probability increases progressively, for a 
series of experiments made with heptyl alcohol, C, H,O, showed a 
tremendous range of action. This alcohol is practically insoluble in 
water or saline, so following Fühner's plan’, I used a mixture of the 
alcohol with ethyl alcohol. In order to keep the higher concentrations 
of heptyl alcohol in solution, it was necessary to add 150 times its gram 
molecular concentration of ethyl alcohol, so the same mixture was used 
in all the experiments. The destructive action of this mixture on 
kidney oxidase was found to range between the extremes of 004 M 
bheptyl + 6 Mü ethyl alcohol up to 04 M heptyl + 6M ethyl alcohol, 
or as 1 to 10. The mean curve drawn through the 16 experimental 
values obtained showed that the mixture containing 006M heptyl | 
alcohol destroyed 5% of the oxidase: that containing 01 M heptyl 
destroyed 9°/,: that containing 013 M, 37°/,: that containing 02 M, 
67 % : that containing 03 M, 88 %: whilst that containing 04 M heptyl 
alcohol destroyed the whole of the oxidase. It might be thought 


that this great range of action was due to a mixture of alcohols being 


used, but this is not so, for it was found that a mixture of ethyl and 
methyl alcohols exerted a summated effect roughly comparable to 
the added activities of the individual alcohols. The destructive 
activity of methyl alcohol is approximately half that of ethyl alcohol, 
and it was found that a mixture of 2˙5 M ethyl alcohol + 50 M methyl 
alcohol (= 5°0 Methyl) destroyed no oxidase, just like pure 5 M 5 
alcohol. A mixture of 3˙5 Methyl + 70M methyl destroyed 66 °/, of 
the oxidase, whilst pure 7M ethyl alcohol destroyed 82% of it. A 
mixture of 40M ethyl + 80M methyl destroyed the whole of the 
oxidase, as did pure 8M ethyl alcohol. 
It will be seen from the figure that the concentrations of methyl, 
ethyl, and propyl alcohols which first begin to act destructively on 
kidney oxidase are distinctly greater that the laking concentrations, 
whilst that of butyl alcohol is practically identical with it. However, 
experiments described subsequently show that liver oxidase is more 
sensitive to the alcohols, and begins to undergo destruction at the 
— concentrations of ethyl and propyl alcohols. 
1 Fühner. Ztsch, f. Biol. Lyn. p. 465. 1912. 


. 
er 
; 
7 
: 
4 
= 
* 2 
» 
7 — 
4 
72 
7 2 
a 
; a 
ay 
* 
= 
K* 
BY. 
> 
* 
70 
4 
5 
q 
* 
27. 
4 
fet 
2 
* 
* 
104 2 
2 * 


204 H. M. VERNON. - | 
The relative destructive activities of the alcohols investigated are 


rf best compared by taking the concentrations required to 
destroy 50 ½¼ of the kidney oxidase. These values are given in the 


second column of the table, whilst the third column gives the quotients 


between successive concentrations. The next two columns of the 


table give the laking concentrations observed by Fühner and Neu- 


bauer, and their quotients, These quotients average 3˙0 for the 


whole series, and if a similar value holds. for the oxidase experiments, 
heptyl alcohol is 3*= 248 times more active than ethyl alcohol. Hence 


the mixture of 0163 M heptyl + 2°445 M ethyl alcohol is equivalent to 
0163 + 0101 = 0264 M heptyl alcohol. This value, compared against 


! 
Propyl 


as them and missing amyl alcohols, or the 
average quotient of the whole series of alcohols in their action A 
oxidase works out at 2°8. Evidently, therefore, the destructive action 


of the members of this homologous series of alcohols. on oxidase is 
comparable to their laking action on red blood. corpuscles. In both 
instances the average quotient is nearly the same: in bath the 


quotient between methyl and ethyl alcohols is considerably lower than 
the average. 


The other lipoid-soluble bodies investigated have a similar . 


structive action on oxidase. Experiments with chloroform and phenol 
have been described in my. previous paper. Experiments with saline 
‘saturated with ether, with ethyl acetate, or containing 20°/, of ethyl 
urethane, gave a similar result. Hence there can be little doubt 


that these substances destroy the oxidasic power of the tissues by 


destroying some lipoid membrane, perhaps a membrane which holds 


them to act in concert. 


together the oxidase and peroxidens enzymes of the tissues, and enables | 
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_ PERCENTAGE OF OXIDASE 


Tube differences in the degree of action of the alcohols on intact and 


best explained by the results reproduced in Figs. 3 and 4 These 


drying the kidney in slices and determining its oxidase content in 
dhe usual manner, it was found to contain 61% of the normal amount 
of oxidase, instead of 82% A kidney perfused for 120 min. with 


this two hour period, whilst a similar equilibrium level would have 
been attained by intact kidney if perfusion had been continued for 


destruction was reached in 60 min., and nearly so in 30 min. 


FUNOTION OF ‘LIPOIDS. 205 
Comparison of action of alcohols on mincod kidney. 
on minced kidney, well shown by the comparison curves in Fig. 2, is 


results show the influence of time and the amount of destruction pro- 
duced. On perfusing a kidney for 60 min. with 7 M ethyl alcohol, 
instead of 30 min., washing out the alcohol for 30 min. with saline, 


7 M alcohol contained only 20% of the normal amount of oxidase. 
Similar experiments made with minced kidney showed that even 


hours’ contact destroyed 95°/,. Judging from the form of the curve, 
equilibrium im the destruction of oxidase was practically reached in 


another hour or so. In another series of experiments in which minced 
kidney was treated with 6 M ethyl alcohol, equilibrium of oxidase 


The results obtained with 2:5 M propyl alcohol are reproduced 
in Fig. 4, and we see that they show a similar difference in the 
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reaction of intact and of minced kidney, only that the alcohol acted 
more rapidly in each case. Judging from the curves in Figs, 1 and 
2, 7 M ethyl alcohol and 25 M propyl aleohol should have acted at 
about the same rate, but the difference observed in the present results 
may be due at least in part to the fact that the ‘propyl alcohol. ex- 


periments were made in summer, when the average temperature was 


about 4° higher than in the winter time when the ethyl alcohol 
experiments were made. In any case they show that there is no 
genuine difference in the action of the alcohols on intact and minced 


kidney. The difference in the rate of action is probably due to 
physical causes, as the alcohols can reach and attack the tissues more 


rapidly when they are in a finely divided state. 
The values given in these two figures are calculated as a 
ages on the total oxidase present, without any correction being made 


for spontaneous oxidation of the naphthol diamine reagent. The 
equilibrium level reached in the propyl alcohol experiments really 
corresponds to a total destruction of all oxidase, as the small amount of 


oxidation indicated was due to spontaneous oxidation. 


Action of aleohols on the owidase of other 


The action of ethyl alcohol on the oxidase of other tissues is very | 


similar to that on kidney oxidase. 
In Fig. 5 are given the results ob- 
tained by acting on minced cardiac 
muscle, brain and liver for half an 
hour, All the values are calculated 
as percentages on the amounts of 
oxidase present in samples of the 
minced tissues kept half an hour with 
saline containing no alcohol. The 
values obtained with cardiac muscle 
are almost identical with the kidney 


"PERCENTAGE OF OXIDASE 


| 
values, but the brain values indicate _ CONCENTRATION OF eee 


that its oxidase is rather more re- N 

sistant to the destructive action of the alcohol, On the other hand 
liver oxidase is considerably less resistant. The initial amount ot 
oxidase present in liver is not half as great as in kidney or brain, and 


so the spontaneous’ oxidation of the naphthol+diamine added to it 


becomes a factor of greater importance in estimating its genuine 
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alcohol than those of the other 
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oxidising power: Such spontaneous oxidation is reduced by nearly a 
half if the reagent is kept in the dark, so in one of the series of liver 
experiments the Petri dishes were kept in darkness during the hour for 
which the minced liver was exerting its oxidising action, and for the 
subsequent half hour's extraction of indophenol with alcohol. The 
values 80 obtained show rather less destruction: of liver oxidase by the 
ries, but both of them indicate that 


the first action of the alcohol 
3M and 4 M. or epproximately at the concentration which lakes red 
blood corpuscles. 

Propyl alcohol destroys oxidase much mote 


is than. kidney oxidase. Thus in half an hour the amounts of oxidase 
destroyed by 1, 1°25, 1:5, 2-0, 25 and 3:0 M propyl alcohol were 0, 5, 


24, 81, 97 and 98% respectively, or the alcohol began to exert its 
destructive action on the oxidase at approximately the concentration 
which lakes red blood corpuscles (108 M). Low concentrations of 


butyl alcohol did not appear to act on liver oxidase more destructively 


than on kidney oxidase, or it began to act at the laking concentration, 


at some concentration between 


as it did on kidney oxidase. Thus 3 M butyl alcohol destroyed none of 


the oxidase, whilst 4 M alcohol destroyed 3°/, of it. The higher con- 


dcentrations acted relatively more severely on the liver oxidase, as 5 M 


destroyed 32 at 7 M destroyed 84 %: and 9 M, 99 7. The corre- 
sponding figures for kidney oxidase were 19, 60 and 98 ‘lo respectively, 
This difference of reaction of the oxidases of various tissues pre- 


sumably depends on differences in the nature and composition of the 


_lipoide composing the membranes. Their chemical composition: is 
knoyn to differ widely, and though. there is no direct evidence 


present available to show that the solubility of narcotics in lipoids varies: 
with their composition, it is very probable that such is the case. 1be 


lack of quantitative correspondence noted by Meyer and by Overton 


detween the narcotising power of various substances, and their — 
coefficient between olive oil and — it. 


Action of in causing tissue 
“he my previous paper I showed that perfusion of kidneys with ‘alice 


saturated with chloroform, or containing 1 % of phenol, caused a good 


deal of disintegration of the kidney cells and a washing out of large 
amounts of tissue protein in the perfusion liquid. Similar results have 
been obtained in the experiments with alcohols, and the numerous 
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made enable one to determine how far the disintegration 
is dependent on concentration. 
‘The alcohol-containing saline perfused during the half hour's poison- | 
C 
determined in the usual way by 
a method dependent on the biuret 
test. In Fig. 6 are recorded the 
results obtained, and for the sake 
of comparison the curves showing 
the CO, output and oxidase con- 
tent of the kidneys are given ass 
well. The values indicate the | : 
percentage of protein washed 
on the total average amount 
Present in the kidney substance’. {| 
The small amount (‘4 °/,) repre- 
senting blood and lymph protein 
has been in every case deducted © 
from the total recordet. 
The experiments with ethyl — 
alcohol indicate that all concen- 
trations up to 5 M caused com- 
paratively little disintegration, as 
only 8 to 21%, of the tissue | 
protein was washed out. The 
three determinations with 11! 
ethyl alcohol gave values of 14, 
average, but 7˙5 M alcohol re- 
moved 5˙2 % of the protein; 8 M 
alcohol removed 6°9 ½, and 10 M 
alcohol, 9˙4 /. Propyl alcohol! 
was considerably more active in 
causing disintegration thanethyl 
alcohol. All concentrations up | / 
to 2M removed 30%, or less | — 
protein, but the two experiments a 5 
with 25M propyl alcohol made — 5 
the summer gave values 
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M alcohol no less than 29°/,. Hence, as far as can be judged from 


concentration of ethyl alcohol which first provoked much disintegration, 


disintegrative action on kidney cells, In fact, as I have shown in my 
previous paper, as much as 28% of the total tissue protein can by 
suitable means be removed from the kidney, without the oxidase, being 


than lipoid solvents: but any substance which is in sufficient con- 
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of 84 and 173 ¼, and the experiment with 27 M alcohol gave one 
of 181 /, In the winter experiments 2°5 M propyl alcohol was found 
to cause comparatively little disintegration, but 3 M alcohol removed 
145°/, of the protein. The greater effect of the alcohol during the 
summer may have been due to the fact that the perfusion tempera- 
ture was about 4° higher, but on the other hand the experiments made 
with 2 M propyl alcohol gave identical results in summer and winter. 

Most striking of all is the disintegrative effect of butyl alcohol, 
for 8 M butyl alcohol removed 13:3 / of the tissue protein, and 


the results obtained with these three alcohols, the disintegrative action 
increases rapidly as we pass from the lower to the higher members of 
the series. The reason of this may be partly a physical one, for the 


viz. 7°5 M, or a 43°5°/, solution by volume, was sufficiently strong to 
cause some coagulation of the tissue proteins. The perfused kidney 
became whitish, whilst kidneys perfused with the higher concentrations 
of butyl alcohol became semi-transparent, and showed no signs: of 
coagulation. 

Ik the curves of protein disintegration be compared. with those of 
CO, output and oxidase content, it will be seen that on passing from the 
lower to the higher alcohols their relative positions change distinctly. 
The lowest concentration of ethyl alcohol which caused considerable 
disintegration was sufficient to destroy 57°/, of the kidney ‘oxidase, 
whilst. the lowest concentration of butyl alcohol causing considerable 
disintegration destroyed only 17 / of the oxidase. Propyl alcohol gave 
more or less an intermediate result. There is evidently no close 
proportionality between destructive action of alcohol on oxidase and 


affected in the least, Probably a great deal of the protein is bound up 
in the tissues by other than lipoid bonds, and may be removed by other 


centration to dissolve tissue lipoids, inevitably causes thereby some 
destruction of respiratory powers, some destruction of oxidase, 1 some 
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111 is by Bang? and others that lipoids form no 


a constituent of all living cells than the proteins themselves. They are 


thought to form a kind of cement substance’, which binds together the 
various constituents of the protoplasm, and protoplasm has been regarded 
as an emulsion of proteins and lipoids, or as a spongework of protoplasmic 
threads enclosing watery vacuoles, and separated therefrom by delicate 


lipoid membranes. According to Meyer and Overton, narcotisation is 
dependent on the solution of the narcotic in these lipoids, the physical 


condition of which is thereby changed. The concentrations of the three 
alochols investigated which induce narcosis in tadpoles and other 
organisms are very much smaller than those which act destructively on 


tissue respiration and on oxidase. Taking these latter concentrations : 
to be the same as those which lake red blood corpuscles, they are eight 


to ten times greater than the narcotising concentrations determined by 


‘Overton® for tadpoles (29 M ethyl alcohol: ‘11 M propyl alcohol, and 


038 M butyl alcohol). Hence it might be thought that there is but 
little in common between the protoplasmic changes occurring in 
narcotisation and in the destruction of tissue respiration and oxidase. 
That the differences may be only one of degree is suggested by the fact 


that the maximum narcotising strength of these alcohols is very much 
greater than the minimum strength, and is not very far removed from 


the destructive strength, By maximum narcotising strength is meant 


the strength which is just insufficient to kill. To determine this, 


‘tadpoles were subjected to various concentrations of alcohols, and were 
then transferred to a large volume of fresh water. The tadpoles used 
were all obtained from the same frogs’ ova, which had been artificially 
fertilised 22 days previously. They averaged 15 mm. in length, and in 


each experiment six of them were placed in 20 c.c. of alcohol solution 


for half an hour, at a temperature of 18°. Of the tadpoles placed. in 
1˙3 M ethyl alcohol, all recovered: of those placed in 1°5 M alcohol, 
three recovered: whilst of those placed in 1°7 M alcohol, none recovered. 


Hence the maximum narcotising concentration of this alcohol may be 


taken as 15 M. Of the tadpoles placed in 4 M propy! alcohol all 


recovered: of those in 5 M. four recovered: of those in 6 M, one 
recovered: and of those in 7 M, none recovered. Hence the maximum i 


1 Bang. Ergebn. d. Physiol. vi. p. 185. 1907. 
* Cf. Palladin and Stanewitsch. Biochem. Etsch. xxv. p. 861. 8885 
8 Overton. Studien l. d. Narkose, p. 101. 1901. 
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narcotising concentration of propyl alcohol may be taken as 54 M. 
Of the tadpoles placed in 12 M butyl alcohol, all recovered: of those 
placed in 16 M, five’ recovered: whilst of those placed in 20 M, none 
recovered. Hence the maximum narcotising concentration of butyl 
alcohol may be taken as 18 M. These three maximum values are 
5˙2, 49 and 47 times larger than the narcotising values given by 
Overton for ethyl, propyl and butyl alcohols respectively, and are 46, 
50 and 57 / the respective concentrations required to lake red blood 
_ corpuscles. In other words, & concentration of alcohol five times the 
narcotising strength effects no permanent change in the lipoid membranes 
in which it dissolves, whilst one ten times the narcotising strength 
cavises a permanent physical change consisting, in some cases, of the 
actual rupture of the membrane. Presumably protoplasm: contains 
 lipoid membranes of different degrees of delicacy and resistance, and 
those concerned in respiratory processes are more sensitive to the solvent 
action of the alcohols than those concerned in the integrity of the 
oxidising enzymes. Less sensitive still are the lipoid membranes _— 
hold the protein of the 


SUMMARY. 
The respiratory processes of living tissues are probably dependent 
on the existence of lipoid membranes in the protoplasm, for if freshly — 
excised mammalian kidneys are perfused with saline containing ethyl, 
propyl or butyl alcohols, their gaseous metabolism is first permanently 
injured by the concentrations of these alcohols which lake red blood 
corpuscles (viz. 3°24 Methyl: 1:08 M propyl: 32 M butyl). The oxidase 
of the kidney is first affected by rather greater concentrations than 
these, but it is completely destroyed by the same concentrations which 
completely destroy the gaseous metabolism. 

The alcohols destroy the oxidase of minced kidney more quickly 
than that of intact kidney, but if allowed to act sufficiently long, they 
ultimately destroy the same amounts. 

The range of action of the alcohols on oxidase may be a narrow one. 
Thus 105 M methyl alcohol does not injure it, whilst 14 M methyl 
alcohol destroys it completely, intermediate concentrations destroying — 
intermediate amounts. The corresponding ranges of action of the other 
alcohols are: for ethyl alcohol, 48 to 80 M: for propyl alcohol, 1°5 to 
275 M: for butyl alcohol, 32 to ‘9 M, or they vary in the proportion of 
1 to 1:33, to 1°67, to 183 and to 281 for 9 wl propyl! and butyl 


* 
¢ x 
ty 
a 
7 
Ps, 
4 
wa 
ag 
i= 
) 
> 
2 
* 
x 
= 
x 
“ 
x 
4 
é 
om 
a 
‘ 
Al 
A 
_ 
7 
‘ 
* 


212 M. VERNON, 
alcohols respectively. Een alcohol has a range of action varying as 

The concentrations of methyl, ethyl, 8 butyl and heptyl Wen 


dane 50% of oxidase are 126, 5°9, 2:14, 66 and 0264 M — 
W They yield an average quotient of 2°8, 


Brain oxidase is slightly less sensitive to the action of ethyl alcohol 


thin kidney oxidase: heart oxidase reacts in the same way, but liver 

oxidase is more sensitive, and is first affected by the concentrations * 

1 alcohols which lake red blood corpuscles. | 

Tube alcohols may cause considerable break down of the kidney salle, 
for on perfusion for half an hour with all concentrations of propyl alcohol 

from 1 to 25 M, only 3°, or less of the protein of the tissues was washed 


out, but 3 M propyl alcohol removed 14% of the protein. -Butylaleohol _ 
acts more powerfully still, as 8 M removed 13 ½ of the tissue protein, 


and 10 u. 29%, 
The maximum non-fatal concentrations of alcohols for tadpoles are 


4 five times the respective narcotising and 


half the laking concentrations. 6 


The expenses of this research were met by u grant from the Royal Society. 
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THE GASEOUS METABOLISM OF THE HEART AND 
‘LUNGS. By C LOVATT EVANS. (Sharpey Scholar). 


Prom th of Physiol, Cage, London) 


Methods 

218 

Tue influence of work on the gaseous metabolism of the heart; 

the mechanical efficiency of the heart 26 


improved by Knowlton and Starlingw, for the establishment of a 
eiroulation in the isolated heart and lungs, has given to physiologists. 


4 very convenient preparation with which to study the phenomena of 


the isolated heart under practically normal conditions. The preparation 


thus offers obvious advantages over the isolated heart preparations 


described by Langendorff, in which an artificial perfusion fluid is 
used, and by Heymans and Kochman@, in which the coronary 


circulation is alone supplied with blood, the heart doing no normal 
work. The heart-lung preparation should serve therefore for investiga- 
tions on the normal gaseous metabolism of the heart. Such investigations 
have been made by previous writers, but upon isolated hearts prepared 
according to the methods of Langendorff or Heymans and Kochman. 
Thus Barcroft and Dixon® perfused the hearts of dogs and cats with 
blood from another animal according to Heymans and Kochman's 
method and determined the gaseous exchange by sampling of the blood 
at intervals and subsequent analysis. Their results are important since 
they give the rates of gaseous metabolism at ‘particular moments of 
time. The experiments of Rohde and of Gaydach i in which suitably 
modified — methods were used, were of a different nature, 
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since they gave integrated results during somewhat prolonged periods, 

The results of the present investigation are similar to these in this 

respect. Although the experiments of Rohde seem to be in every 
admirable, it is nevertheless of interest to investigate the 


metabolism of a blood-fed heart; it is also possible with the preparation 
nom available to carry out some observations which were not possible 


with other methods. 


In order to determine the gaseous metabolism a special form of 


respiration apparatus on the Regnault and Reiset principle was devised. 
i Since the preparation employed consists not merely of the living 


heart, but of the living lungs and blood also, an attempt has been made 
here to determine the metabolism of these tissues in order that due 


correction may be made if necessary for their contribution to the total 
gaseous exchange of the preparation. 

Methods. The apparatus consisted of the heart-lung circulation 
apparatus as described by Knowlton and Starlingw, and of a 
respiration apparatus. The latter was adapted to give oxygen absorptions 
and amounts of carbon dioxide produced, and is constructed in the 
following way: 

The vessels D, E and F Gig 1) are filled with acidulated water, which 
is caused to move up and down in the bulb G by means of alternate 
pressure and suction applied to the air in D by means of a Hans Meyer 


double action respiration pump. Before commencing the experiment 


the pump is allowed to work in this manner for half an hour or so in 
order to completely saturate the water with air. The vessel G con- 
stitutes the pump which is actually used, the water being the piston. 
Such a pump cannot leak at the piston and if the whole system be 
closed and air-tight, any diminution in volume in the course of an 
experiment (allowing for temperature changes) will represent an absorp- 
tion of oxygen. Such absorption can be read off on the graduated tube 


E, which is merely a narrow portion of the pump-barrel G. At each 


ascent of water in G some air is driven out along M and through the 
valve V. It now has a choice of paths open, either through I into the 
lungs, or through the side tube and into one of the absorption tubes 


‘placed between PP’, QQ’, or RR. The former path offering the least 


resistance, Owing to the pressure of liquid in the absorption tubes, the 
air enters the lungs. The extent of the stroke can be varied at will by — 
varying the stroke of the Meyer pump which works the water-piston. 
The amount of air left in the lungs in the expiratory position can also 
be varied 
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thé pump is at work arid thus allowing air to enter or escape from the 
bulb D. 8 
On the descent. of the water - piston suction is exerted, which, 
opening the valve O and closing valve V. draws the air out of the lungs 
through one of the absorption bulbs, eg. through R and R and so again 
into the pump cylinder. The absorption bulbs each contain 20 c. of 
potassium hydrate solution, 1 c.c. of which = 5 C. CO, (25 gms. KHO 
per litre). After the air has been in circulation for a few minutes the 
absorption of oxygen and consequent diminution in volume of the system 
causes a slight reduction in pressure in the system in consequence of 


which the water-piston at the end of its downward stroke stops at a 


point higher up in E than before. Oxygen is accordingly’ admitted 
from the graduated burette & until the water surface attains its former 


amplitude of movement. In this way the oxygen tension in the 
_ circulating air is kept approximately constant throughout the experiment. 


In order to avoid errors arising from variations of temperature, the 


following precautions were taken: the absorption tubes were placed in 


a large galvanised tank filled with water, the temperature of which 


remained practically constant during the experiment. Any slight 


variations in temperature in the system outside the water tank were 
compensated by means of a thermo-barometer attachment to the bulb 
G. This vessel (O) is surrounded by an air-jacket H, which opens only 
at L and leads to the U-tube J T. This is attached by rubber tubing 
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to the bulb sf) which is flled with water. Tlie Ustube also connects by, 


the tap K with the tube M leading from G. 
The fhermo-barometer thus’ resembles the one used i in the wel- 
158 Haldane gas analysis apparatus, and is used in the following 


way: C being closed and , K and O opened, F is lowered until the 


water in J’ rises to a mark (b) about 3 om. higher than (a) in J. W is 
now closed during the remainder of the experiment. The object of 


having ö higher than d is obviously to have a small but constant 
negative pressure which shall always collapse the lungs to exactly the 


same extent, provided changes in elasticity of the lung tissue do not occur. 


I be levels of the water in the barometér having been adjusted, the 
level of the water in E is then observed. This having been done C” | 


and K are closed, and O opened and an observation taken during a 


period of 20 minutes or so. At the end of this time O is again closed, 


K and C opened, and F moved up or down until the water in J’ again 


reaches b. If now the water in J be not exactly at a, a temperature | 


change has occurred and must be compensated by lowering or raising J 
until the water again comes to the mark d. The reading in E is again 
taken. The oxygen consumption is given by the diminution in volume 
read off on E, plus the volume of oxygen which has been run in from & 
in the course of the period. The volume of carbon dioxide formed 
during the period is obtained by titrating the contents of the Winkler 
spirals, These are well rinsed out with water and to the contents and 
rinsings are added a few drops of phenolphthalein and 10 cc. of 15°/, 
barium chloride. The titration is then made with a standard solution 
of sulphuric acid, 1 C. of whith is equal to about 5c.c. of OO, The 
values for CO, and O, may be considered as correct to the nearest cubic 
centimetre, that is to say, the error in the burette readings in con- 


secutive blank experiments on dead lungs was about 1 cc. Since the 


volume of the whole apparatus was about 700 c.c., the error is not large. 
The loss of oxygen and of carbon dioxide from the surface of the lungs: 


is negligible provided of course that there be no holes es in 1 or 


dnn the operative procedures. iy 


circulating gas consisted of 
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In some half-dozen of the experiments with cats the heart-lung 
preparation was immersed in a bath of warm saline in order that any 
leaks might be detectéd in the lungs, but as these were never = 595 
procedure was abandoned when dogs came to be used. 


vi Owing to the ease with which lung edema set in sie cate were 


employed, the use of these animals was practically prohibited for 
prolonged experiments, and dogs of about 5 kg. body weight were used. 
The animal was first of all bled to about one half, and in order to render 
the blood incoagulable about 1 gym. of hirudin in 15 cc. of saline was 
added to the remaining blood. After setting up the preparation and 


starting the respiration pump, the heart was allowed to work for about 


20 minutes until the temperature of the in-going blood, became 


constant; this also gave: opportunity for the blood gases to attain 


equilibriam’ with the air. In order to prevent change in the blood gases 
by contact with the air in the venous reservoir’, this latter was kept 


closed by a cork through which the delivery tube from the arterial 


rebistance passed, to dip beneath the. surface of the blood in the 
reservoir. In many cases analyses of the blood gases were made by 
Baretoft's method at various periods during the experiment, but unless 
Pe edema, had set in previous to taking the later sample very little 
ge was found to have occurred, as the following example shows. 

he samples were of the blood the resistanoe 


if 
11 


220 
230 +106. 160 140 -20 19% 280 +485 
200 
180 


28354 


1 Abe amounts of oxygen in the different 


due to varying dilution of the blood with the hirudin solution. The 


constancy of the blood indicates a — air 
to the Jungs: 


a ot ‘the sketch shown by | Knowlton and Starling. 
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Tae GASEOUS METABOLISM OF THE NORMAL 
HEART-LUNG PREPARATION. 


In af, the, 
metabolism of the heart-lung preparation, a number of experiments 
were carried out upon cats and dogs, but owing to the drawbacks 
already referred to, those upon cats were of little use. In these 
‘experiments one aimed at keeping the conditions, such as temperature, 


arterial pressure and venous pressure, as constant as possible. The 
results of some of these experiments on — hearts are — in Table 1 


| 
Number Weight Mean Temp. „* 
1 4 3816 — 380 1990 170 88 87... 1-04) 
2 7 5 9 — B55 1606 22290 276 998 85 
8 2 880 8 — 855 1800 1870 445 57 74 
6 9 SS 100 — 820. 1020 110 202 22 2 
8 80 8 — 80 1620 140 Gl 47 ait 
-9 6156 100 — 865: 290 2750 485 5823 
10 ł 5S 8 — 864 2750 9755 582 583 10 | 
11 1 980 6 — 856 914 960 896 415 -94 
TABLE IL Cats, 
4 130 36 — 80 4% 200 88 54 07 
JJ 


a value of about 3°5 to 6 C. per gram per hour under similar conditions 
for the dog. In the cats the values seem to be somewhat lower, viz. 
17 to 38 cc. per gram per hour for carbon dioxide. The oxygen values 
were not taken in the case of cats. 

It is interesting to compare these 8 with those of other 


investigators. Thus Barcroft and Dixon’s values for oxygen varied from ! 
6 to 27 c. g. per gram per hour, though in one case by giving adrenalin 


From Table I it may be seen that for dogs the carbon dioxide output : 
varies from 3 to 5.c. per gram of heart per bour at a temperature of 
33° to.36° C. The influence of temperature and pressure on the gaseous — 
metabolism is considered in a further section. The oxygen intake has 
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-they: obtained a value of 498 cc. This value however was not 
sustained’, Rohde’s values for the cat for oxygen varied from 1:3 to 
46 c.c. per gram per hour and from 1 to 4 C0. per gram per hour ſor 


carbon dioxide (p. 227 loc. cit.), values which agree very well with my o n 


experiments made by a totally different method. Gayda's results for 
the rabbit's heart were from 1°37 to 307 cc. per gram per hour 


(caleulated from table on p. 22). It must be borne in mind however 


that the experiments given in summary above were carried out with the 


heart and lungs. Data concerning the metabolism of the lungs are 
given in a further section. 

The respiratory quotient in dogs had a mean value of 90. This 
would indicate that the combustion of carbohydrate supplies at least 
some of the energy for the heart-muscle. That the heart is capable 


of utilising glucose was discovered independently by Locke and 


Rosenheim and by Johannes Miller. Kolishao, on theoretical 
grounds, threw doubt on this, but the work of Camis«» indicated that 
the heart does draw upon carbohydrate from the circulating blood (in 


herbivora) or from the glycogen of the heart (carnivora). He was not able 


however to fiod any withdrawal of sugar from the circulating fluid in 
carnivora, though in herbivora the usage may be very considerable. 


_ According to this author the glycogen of the heart-muscle has its origin 
from protein. The researches of Rohde and of Knowlton and 


Starlingus however show that the heart of carnivora can consume 
sugar at the rate of several mg. per gram per hour. Rohde’s figures 
for the cat vary from 1 
loc. oit.). 
The experiments of Knowlton and Starling were made e 
peil normal conditions upon the heart of the dog fed with blood. 


They found a steady usage of about 3·5 mg. of glucose per gram of heart 


per hour. Their demonstration that the heart of the diabetic dog uses 


practically no sugar, but that the sugar disappearance recommences at 
a normal level upon the addition of an extract of pancreas, disposes of 


the objections brought forward by Kolish. A consumption of 3'°5 mg. 


of glucose would yield, if the combustion were complete, about 2°6 ce. of 
carbon dioxide and would require the same amount of oxygen. From 


tempted to to the nature of the other 


internal tension since they used the coronary perfusion only. Since tension presumably 
| 
le. | 
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constituents which the heart - muscle uses. Thus if we take the respira- 
tory quotient as 0°9, 


40 26 O0. 


other than would have a reapicatory 85 


of 78. This: is in good agreement with the experiments of Rohde, 
who found for the non-carbohydrate material a respiratory quotient of 
about 74. The values of a respiratory quotient in the case of an 
isolated organ must be very limited as an index to the nature of the 


food-staffs used, unless one knows what: other étuff-metabolism is going 


on in the cells. v. Frey and Gruberas, Vernondo, Barcroft and 
Brodieaus), Barcroft and Dixondo, and others, have shown that the 
carbon dioxide production does not always run parallel with the oxygen 
consumption in the: case of isolated organs, and v. Frey, Fletcheran, 


and Verz&ras) have shown that lactic acid is often formed in muscle 


under such conditions, and, as Hopkins and Fletcheras have shown, 
= disappear again when a more abundant oxygen supply is available. 

By some writers the independence of oxygen absorption and carbon 
dioxide production is interpreted as indicating the intake of oxygen into 


the substance of the tissues to form the so-called intramolecular oxygen, 
which is subsequently used for the combustion processes of which 
the carbon dioxide is the end-product, and as a result of which the 


mechanical changes in form in muscle is brought about. Winterstei neo 
has subjected this view to severe criticism and from experiments on the 
mammalian heart perfused by Langendorff’s method, and on the isolated 


spinal cord of the frogun, he concludes: that the primary origin of the _ 


energy lies in non-oxidative cleavage processes and that the products go 
formed are subsequently removed by oxidative changes. A. V. Hill's 
views are similar, but with the further addition that in the case of 


muscle, the small molecules formed as a result of the excitatory process 


are supposed f act in a physical manner in producing the state of local 
tension. Verzéras from a study of the gaseous metabolism of striated 


muscle arrives at the same conclusions, namely, that the oxygen is not 
used during the contraction process, but for subsequent restitutive 
processes, the absorption of oxygen lasting long after the contraction 


process, just as the heat production — long after 115 contraction, as 


Ik one assumes that the of from precursors such 


as amino-acids or 9 offers a mode of anzrobic respiration, : 
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ee that under conditions of abundant oxygen supply these reactions 
may be reversed, or stopped and oxidative ones substituted, one sees 
that the process of tissue respiration has not merely several stages, but 
that it may have several phases also, phases where oxidation, deamina- 
tion, hydrolysis, or synthesis may in turn take the upper hand according 
to circumstances, Under these conditions the id * 
corresponding variations. 
The following experiments show that the. respiratory quotient, is 
somewhat different in different experiments and also in some cases in 
the same experiment. In the first two — pes below the : 
* quotient was about unity. 


TABLE III. Exp. I. Dog. 


| — 00, 0, quot 00, 
117-0 1050 1˙1¹ 9-85 
86 1286 1119 10 
38 ·4 85 118-1 1980 8°59 3-90 
88-2 8 1844 129 ‘104 426 4-12 
83°28 108-0 156-0 0-69 843. 496 
Eup. 8. Small dog. Heart 30 grms. Periods of 20 mins. duration. 
88 986 1199 140-0 100 465 4-65 
154°2 1-04 5°40 5-12 
120-9 97°5 4-05 323° 
98 159 ˙0 159 ˙9 0 36 & 80 5°30 
98 1800 1650 1-09 60 


In some cases the 8 een is higher than unity. A 
similar condition was noted by v. Frey: for skeletal muscle. It may 
perhaps mean that there is a washing out of previously accumulated 
carbon dioxide, or it may really indicate a different phase of tissue 
respiration. In those cases where it occurs late in the experiment 
the second possibility is indicated. In the n N the 
eae ‘are all below unity: — | 


TABLE Tv. Exp. 9. Dog. Heart 51:5 Periods of 20 mins, duration 


8889 200 ·0 4% 6502, 
86°5 109 259°6 296°0 "88 5˙02 67 
100 909 95 570 
“965 100 80 2796 1 
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co-workers (5), 06), (is) that the process of oxygen absorption may be 
more or less dissociated from that of carbon dioxide production. This 


independence of the two processes, absorption of oxygen and evolution 


of carbon dioxide, is well shown in some of the experiments, Generally 
speaking, the carbon dioxide production slowly falls off during the 
course of an experiment, while the. oxygen intake often shows the 


reverse change. This was noticeable, ¢.g. in the last of 


| haved is better seen in the ee experiments, 


TABLE V. Bap. 8. Dog. Heart, 32 grms. 


Hg. “00, quotient 
36-0 138°6 181·˙5 9076 
189°5 1920 0-78 
(355 . (1865. 255°0 060 
1. Dog. Heart, 23 grms. 
65 91-4 96°6 
85°7 65. 710... 109 0°65 


It was at first thought that these large oxygen absorptions were , 
due to some purely mechanical error, such for example as the retention 


of air in the lungs in the form of froth in early stages of lung edema. 
Further experiments showed, however, that the phenomenon could not 
be accounted for in any such simple manner, since in pronounced 
cedema the carbon dioxide output fell off very rapidly, while the oxygen 


intake did not increase very much. Moreover, a similar phenomenon ~ | 
was never observed in the isolated lung experiments. Probably the 


simplest explanation is that we are here dealing with an incomplete 
metabolism of the kind already referred to, induced by what is often 
termed “ oxygen lack.” Similar results have been signalled by Vernon» 


and by Thunberg and others for other tissues after conditions of 


oxygen lack. Since the oxygen absorptions increase progressively, 
however, it is not quite correct to call this condition one of oxygen lack 
in the usual sense of the term. It is better to call it an increased 
oxygen usage, The condition of oxygen lack would exist only 5 the 
extra oxygen requirement were not available. 
This phenomenon of increased oxygen usage bas been seen in one or 
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merely as a phenomenon of the moribund heart. Thus in Exp. 13 
(p. 228) the first period shows the termination of stich a period of rapid 
oxygen absorption which in this case lasted for some time and was very 

ie the foregoing experiments no account has been taken of the 
e ee of the lungs and blood towards the total metabolism of 
the heart- lung preparation. In order to gain some idea of the gaseous 
metabolism of the lungs and blood, the apparatus shown diagram- 


Fig. 2. 


Fig. 1 in exactly the same way as the heart-lung preparation. The 
perfusion apparatus was constructed in the following way : the reservoir 
A contains defibrinated and hirudinised blood from the animal. used. 
The blood flows along the spiral B, where it is warmed, and emerging 
by the side tube enters the pulmonary artery by the cannula D, which 
carried a thermometer to indicate the temperature of the ingoing 
blood. The vertical tube 0 serves as a manometer to indicate the 
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out; it also acts as trap 


for air bubbles which otherwise might enter with the blood stream 
The blood emerging from the pulmonary vein is pumped back again 
into A by means of the pump KLI. This resembles the arrangement 
used by Locke in his new perfusion pump! which works on the 
hydraulic ram principle. For various reasous it was not possible to 


employ the hydraulic ram principle i in this case, so the movement of the 
rubber finger-stall L was effected by a regular compression of the stout 
rubber bulb M by means of a treadle worked by a motor. K and I are 


rubber valves working over slits in the glass tubing. Since the bulb 
M was of stout rubber and was filled with water, considerable negative 
pressure was exerted in the elastic recoil and the blood vould be raised 


to a considerable height if necessary. In order to minimise sudden 
variations in the negative pressure on the venous side occasioned by 


the working of the pump, the large thin-walled tube G was introduced. 


It consisted of a piece of inner tube of a bicycle tyre about 4 inches long. 


In order further to control the extent of the negative pressure on 
the venous side, the short circuit, controlled by the screw clip P, was 


introduced. In this way it was possible to vary the arterial and venous 


pressures to any reastnable extent independently of each other. The 
extent of the venous pressure was given by the manometer H, but 


could be judged still better by observing the tube G, the pressure being 
so adjusted that G showed a slight tendency to collapse. The side 


tube F is for withdrawing samples of blood for analysis. The pump is 


capable of raising fluid to the height of a metre, but for the perfusion 


of the lungs a perfusion pressure of 10 to 15 em. of blood should not 


be exceeded, otherwise pulmonary cdema soon puts an end to the 


experiment. 


In preparing for the experiment, blood is 5 obtained by bleeding one 


or more animals (three in the case of cats). The blood is defibrinated, 
strained, and well shaken with air before being placed in the apparatus. 


The animal to be used for the experiment is also bled until about half 


the blood is withdrawn, the chest is then opened rapidly under artificial 
respiration, and the cannule introduced into the pulmonary vessels as 
quickly as possible, the arterial cannula being filled with hirudin 
solution (1 gram in 15 de. of saline). The blood is then allowed to run 
into the lung vessels.and the pump is started. Artificial respiration 
was usually kept up for about 20 mins. before commencing the determi- 
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nation of the: gaseous exchange, in to attain 
the gases of the air and blood’. 


many cases the lung vessels after a few minutes’ perfusion constricted to such an extent 
that the blood-flow practically ceased. Attempts were made to discover the cause of this 
phenomenon but with no great suecess. It was not due to the influence of an alteration 
of temperature, or to changes in the reaction of the blood, to coagulation, to products 


formed in defibrination of the blood, to air emboli, to insufficient or too great pressure, 
5 nor to the hirudin solution employed. I venture to think that it was often due to a too 


perfect removal of carbon dioxide from the blood, since in some cases the administration 
of 10 p.c. carbon dioxide removed the resistance almost at once. This action of normal 
metabolites:has already been pointed out by Barcroft and Dixon in the case of the 
coronary vessels, and has been noticed also by the other observers quoted by then. 


The results of the experiments in those cases in which a succesefal 


perfusion could be maintained were uniform. Eleven successful experi- 


thents were performed in all. Since these all anaes similar rents it 
8. probably suffice to give one of them. 

In the other ten experiments the gaseous exchanges were é not . 
é regular as in this case, but were of the same order. One must 
of the blood in she cirealation 


TABLE VL Dog, 3°01 kg. 


65 86645 400 19˙%᷑ „ 20 1% 
| 
86-5 400 240 200 ‘240° 0-84 
92 20% 226 0-91 


was always cleaned out after use with 2 p. o. sodium hydrate solution, often followed by 
alcohol. The liquid was allowed to circulate for half an hour in the pump and was then 
washed out with several litres of water, and finally with saline solution. The apparatus 
was also taken down.and boiled twice during the progress of the series of experiments. ‘ 
2 The weight of the lungs was of no use in any of these experiments, since they were 
always more or less congested and wdematous at the end of the experiment. Instead of 
this, the weight of the heart is recorded since it was only in relation to the heart that the 
results were required. The heart and lungs of some normal animals were weighed and 
the lungs were usually found to be from 160 to 200 p.c. of the weight of the heart. It. 


sary; from that of the heart. 
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(generally 300400 c.). In Kip 14 there were 320 C 6f blood in 


the circulation. The 1 of the blood was determined: by the 
following experiment. 


10 C of fresh defibrinated and well wrated blood were placed in a sampling tube” 


with 47 0.¢. of air and kept at 87°. for two hours with frequent shaking. 

of blood at beginning 2°07 ¢.0. 
” end 205, 
t. e. 0°02 0.0. . The air had gained 057 p.c. O00, 


i.e, ‘276.0. in the 47 0.0. of air. , 


hour per 100 bl. blood. 


The 320 C. of blood would therefore produce 4 0.0. CO, per hae, : 
| Deduchiiny this from the total we have about 1600. CO, per hour 


produced by the lungs. Since the heart weighed 19°5 grams, it would 
be necessary in determining the metabolism of the heart to deduct 


from the metabolism per gram of heart per hour, about 8 c.. CO, and 
about ‘9 d. oxygen, in order to allow for the metabolism of the lungs. 


This would be about one-fifth of the total metabolism. There may also 


be a further deduction of 1:25 cc. CO, per hour per 100 cc. of blood 
from the total metabolism of the whole heart, but since this is below 
the errors of it is in on the | 


heart-lung. 


| 1 INFLUENCE OF WORK ‘ON THE GASEOUS METABOLISM 
OF THE HEART. 


The amount of work performed by the heart can N be altered 


pes using the isolated heart-lung preparation. There are two ways 


in which this may be done. Firstly, if the arterial resistance be raised, 
the rate and output remaining ‘practically: constant, the work will be 


inereased. Secondly, by increasing the height of the venous reservoir?’ 


the output will be increased while the arterial pressure and pulse rate 


remain almost unaltered, as shown by Knowlton and oe : 


These two methods of increasing the work are not identical. 
When the arterial resistance is increased we have what 
to an increased load in skeletal muscle, Since the heart works as an 


after-loaded muscle, the increase in initial tension is in this case but : 


slight. When, on the other hand, the venous reservoir’ is raised and 
the inflow (and output) increased, the condition is not so simple. It is 


certain that there is a little more initial (diastolic) tension in this dase 
but it is only slight, as the experiments of Knowlton and Starling 


show. But the heart is now more dilated at the beginning: of — 
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| than before, and the muscle is contracting at a mechanical disadvantage, 
A104. the inerease in tension during the-systole is relatively great in the 
individual muscle cells, though the endocardiac pressure may be scarcely 
greater than when the venous pressure was low. 
Direct experiments were made in order to determine the influence 
ol alterations in arterial pressure. The results of five experiments are 
given below, the results at the higher . being indicated in 
thick type“. | 
In these experiments the variations in pressure have been great, 80 
that the outflow. has altered somewhat considerably in some cases. It 
is however clear that the heart works more economically when the 
arterial pressure is high than when it is low, the small increase in 
metabolism being quite out of proportion to the extra work done. The 
experiments show moreover that whilst working against a high pressure, 
the respiratory quotient is lowered. On changing! from a high to a low 
pressure, the respiratory quotient rises aguin if the heart is in good 
condition, but if the heart is enfeebled by the high Pressure, as shown 
by the diminished output, the respiratory quotient may remain low. 
Apparently the oxidative processes are in such a case incomplete, and 
cannot be carried so far as to yield the full measure of carbon dioxide. 
II is also possible that the metabolism may be qualitatively different, 
or. that the results may be due to a more effective coronary circulation 
at the higher pressure. The gaseous exchange per kilogram-metre of 
work done is in the above experiments. 14 c.c, to 50 ¢.c. CO,, the average 
being about 40 0. at low pressure and about 25 ¢,0, at high bree. 
The cat’s heart used by Rohde seemed to work even more ec 
cCally: thus in Rohde's Exp. 84, the carbon dioxide pet kgrm. metre wags a 
only 2°7 c. This low figure is of interest in view of the usual =a 
arterial pressure which obtains in cats. Barcroft and Dixon@ also 
remark that the energy set free is less for the cat than the dog, in 
| proportion to the work done. Gayda’sm results for the rabbit on the 
A other hand seem to be so high, eg. 45 to 510c.c. per kilogram-metre 
he (000993 to 01024 mg. per grm. cm. in one of his tables (p. 20@)) that 


ene accepts them with some hesitation. 

The mechanical efficiency of the heart. — We may take as a basis ſor 
. the calculation of the mechanical efficiency of the heart three modes of 
a calculation. We may either: (a) take the whole metabolism for the 
. calculation of the energy consumption at each pressure, or (b) take 
; the excess of metabolism at the higher pressure as against the lower, 
; I The values are not corrected for the metabolism of the lungs and blood. — — — 
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Tap. 17. Dog. 
4°12 x 105 em. 160°8 


40 

40 
110 

40 «665 
40 6˙45 
110 
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Work 


per hour 
79 * 10g. om. 


4°45 
2-28 


Eup. 18. Dog. Heart = 45-5 grms. 
‘§18x10g.cm. 168°9 


6°42 
3°09 


3 ˙1⁴ 
4· 
6-62 
8°05 
2°95. 

947 
219 


4°66 


464 „ 


167 


416 
8945 
9°6 

8-51 


846, 


1063 
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20 minutes periods. 


per hour 
005 Os 
1104 - 1044 
98-7 1149 
126° 326°6 
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2186 
222'9 
166°8 


weet 168°9 
172 
99 182°0 


1278 
124°5. 
188 ·1 
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17 
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1009 2 
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‘79 
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and calculate the energy expenditure for the excess work done at the 


higber pressure as against the lower, or (o) determine the resting meta- 
boliem of the heart and deduct this from the total metabolisn. | 
Let us take the results of Exp. 15 and caloulate the efficiency 
acceding to methods (a) and (b). 
Method (a). (i) At low pressures, periods 1 and 2. The total work 


done by the left ventricle was 3:04 kg.m. metre per hour (mean). 


Adding one-sixth more for the work of the right ventricle, etc., we have 
3°55 kg-m. for the total work done per hour. The mean oxygen intake 
was 110 &. per hour. Deducting 28 C. for metabolism of the blood 
and of the lungs we ‘have then 82 0c. oxygen _ per hour by the 
heart. 
Now assuming for the 45 of simplicity that 8 is the source of 
the energy, we have, since 
de. oxygen = 1°34 mg. glucose; 1 grm. glucose = 41 
1 cal. 428 5 kg. metres ; 
the total energy expended is 
Efficiency = 1°85 °/,. 
(i. Similarly at the ‘high pressures, periods 3 and 4. 
Mean work = 5°24 + 0°87 = 6°11 kg. m. per hour. | 


Mean oxygen intake = 159—28=131 ec. 3 Mos 
Energy 131 x 00134 x 41 x 425°5 = 307 


.". Efficiency 20%, 
e @. Difference in work at the two pressures 
— 3°55 = 2°56 kg. m. 
1 in energy consumption = 307 — 192 = 117 kgm. 
Efficiency = 2'23 
Similar . for the other experiments give like results ; 
Thus for Exp. 17 by method (a): . 
Work done at low kg.m. Energy expended = 187 kgm. 
Efficiency = 2°58 °/,. 


At high work dns = 1 kg. m. expended = 


+ Efficiency = 45 /. 
By 0055 Difference i in work done = 6°27 m. 
Differenoe in energy expended 59 kg. m. 108%. 


| This latter was the highest efiicieucy obtained. 
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Oonderning method (c) I have made no direct attempt to determine 
the resting metabolism of the heart. This was done by Rohde in his 


experiments by bringing the heart to rest by replacing the Ringer 
solution used for the perfusion by one free from calcium salts, This 


resting heart was found by Rohde to exhibit a fairly large metabolism. 
The results given above were not obtained over a sufficient range of 
pressures to allow of extrapolation with a view to determining the 


metabolism at zero pressure. Judging from the experiments of Verziris) 


on skeletal muscle, the resting gaseous metabolism of muscle is about 
27 cc. oxygen per gram of muscle per hour. If the resting metabolism 
of heart muscle were of the same order, it would emount: to about one 
tenth to one-sixth of the total metabolism. 

The figures obtained in all the above calculations show a ee 
low efficiency when compared with the results of Barcroft and Dixon 
and of Rohde. The metabolism seems to be very much in excess of 


the requirements, but until more is known of the mechanical conditions | 
under which the heart muscle works it is impossible to say what 


criterion is best to take in measuring the work done. Two factors 
which are not taken into account are the viscosity of the blood, and the 


fact that in the presphygmic interval the contraction is isometric and 
therefore the tension is increasing without any work being done. Now © 


as A. V. Hilla» has shown, the heat production of muscle (and therefore, 
presumably, the metabolism) depends not on the work but upon the 


tension. But there is a further fact to be considered: the heart muscle 


fibres do not exert a direct pull, as in a sartorius muscle for example,. 
they act more or less tangentially. If one considers the effect. of two 


tangential components acting upon a point on the stiffäce of a sphere, it 


is evident that their centrally directed resultant is very small, and that 
the more dilated: (is. the larger) the sphere, the smaller does this 
resultant become’. What the effect of the spiral course of the fibres 


may be does not seem clear, but a mathematical investigation . may 


Fenn throw light upon this question. 


When all the above considerations are taken into account, the ng | 
éffitiency of the heart when compared with skeletal muscle is not so 


very surprising. The efficiency being so low in any case may perhaps 
explain why Barcroft and Dixon found that the oxygen intake in. 


isotonic and isometric contractions was almost equal, an observation 
i One may recall in this connection, by way of illustration, the well-knotin éxperiment 7 
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HEART AND LUNG METABOLISM. 231 


which I have been able to confirm. Similarly Weizdcker™ finds that 
in the frog’s heart the rate of fatigue i is the same, whether the contrac- 
tions be isotonic or isometric. 
Concerning the method of varying the work by means ‘of alteration 
of the venous inflow, experiments have not yet been made. = is = 
to discuss this farther in a later communication. | 


Tun INFLUENCE OF TEMPERATURE. 


: 05 would expect that with an increase of temperature, there would 
be an increase in the gaseous metabolism as of the rate of the heart 
beat. The following experiments show that this is the case. In making 
these ‘experiments the temperature was kept constant to within 1 C. 

At the end of two periods the temperature . of the water in the warming 
reservoir was altered and some time given for the heart to.get accustomed 
to the new temperature and for the blood gases to get into equilibrium 
under the new conditions. The interval was usually 10 or 15 mins. 
between the periods. The arterial pressure was in all cases 50 mm. Hg, 

the pressure was kept 11 in order to prolong the experiment as much 


as possible. 


Of very great interest is the fact that the increase in metabolism is 
almost exactly proportional to the increase in the rate of the heart beat, 
as is seen from the fact that the values of the numbers in the columns 
giving the consumption of oxygen and production of carbon dioxide per : 
kg. of heart per beat are practically constant. It is also of interest 
to note that they are very nearly the same in the three different hearts, 
via. about 45 c.c. O, and 4 0. CO, per kg. of heart per beat, : 
Since an increase of 7° does not increase the amount of carbon dioxide 
produced by each heart beat, one may perhaps infer that at the lower 
temperature the metabolism is already at its maximum. We have 
already seen from the experiments on the effect of pressure that the 
metabolism of the heart is far in excess of the amount of work done, 

that the heart considered as a machine must be regarded as a very poor 
one as far as mechanical efficiency goes. The experiments on the effect 
of temperature seem therefore in e with the ones on the effect 
ol pressure. 
anything, the amounts of per gram » per ‘bent are 
less at the higher temperatures than at the lower, that is to say, the 
heart at 39° seems to work somewhat more efficiently (the output and 
rate per minute being both incrpased) than at the temperature of 32. 
| 16—2 


N 4 1 * 
i 
' 
— 
+4 
2 
4 
4 
2 
2 
x 
* 
7 
* 
78 
4 
E. 
iz 
92 
*. 
* 
10 
* 
7 
3 
2 
* 
* 
2 
* * 
i * 
‘ 
+ 
aa 
5 = 

if 
— > 
4 
a 
74 

> 
4 

4 
4 
28 
4 . 
a 
& 
, 


22 


Bap, 4. Dog. Heart = 90 prime. 20 min. periods. 


8 
so. 10% — 210 
% 1%/%/ % 39% 446 
ies os 8 80 400 


5. Dog. Heart = 16:2 grms, 


115 71 4 
we ss %% 684 
68 1082 125° 
32 107 77 105°6 
so 1% 100 18% 1008 % 88 
140 ss 1848 1770 #2 4% 
32 98 84 108°8 126-6 40 
32 102 81 109% 115˙2 8785 
160 61281 1860 200 4% 
f The figures in heavy type are observations at the higher temperature. 


This is rather what one would expect to be the case, since 39° is nearer 
to the normal temperature of the animal than 32°. It will be noticed 


also that at the lower temperature the respiratory quotient is somewhat 


higher than at the higher temperature. This might be interpreted as 
_ indicating that the heart when cooled uses glycogen, or it may on the 
other hand mean that at high temperatures, as at high arterial pressures, 
the process of oxidation is less complete, so that leas carbon dioxide 
results relatively to the-oxygen usage. There is also the question of the 
tensions of these gases in the tissues altering with the temperature, and 
of the dissociation of carbonates in the tissues being changed. One 
would expect however that this would influence the result in the opposite 
direction. 


My best are due to for his kindness in 
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HEART AND LUNG. METABOLISM. 233 

1. A form of artificial respiration apparatus is described, with which 
the gaseous exchanges in the heart lung preparation may be studied. 

2. In the dog the carbon dioxide. output of the heart-lung varies 
from 3 to 5 00 per gram of heart per hour. The oxygen intake similarly 
is 3˙5 to 6 c.. The values for the cat are somewhat lower. The re- 
spiratory quotient of the heart, on the average about 9, is subject to 
decided variations and under certain conditions may be very low (G or 
less). The low quotients are due to augmented oxygen usage, 

3. By means of a specially modified apparatus, the gaseous 8 | 
lism of the surviving blood-perfused lung was determined. In order to 
allow for the metabolism of the lungs, about 8 c.c. should be deducted 
from the values found per gram of heart per hour in the carbon dioxide 
figures, and ‘9 ac. in the oxygen figures. A correction for the metabol- 
ism of the blood is not necessary in experiments on the heart-lung 
where the volume of blood is small and the total exchange high (the 
correction would only be of the order of one or two pc.), But in the 
experiments on the isolated lung, since the total metabolism was small 
and the volume of blood somewhat large, the metabolism of the blood 


was appreciable (about 20 p.c.). 


4. The efficiency of the heart sittin; as a machine is very Ge. 

eg. from 2 to 10 pc. The cause of this is doubtless to be sought in the 
peculiar mechanical conditions of the heart beat. 
5. An increase in temperature of 7 C. (from 32 to 39) results in an 
increase in the gaseous exchanges. But this increase is almost exactly 
proportional t6 the increase in the number of beats, te. the rate of 
gaseous metabolism varies almost exactly as the pulse rate, the oxygen 
consumption and carbon dioxide production per beat being the same at 
both temperatures. 


The expenses of this research were in part defrayed by a grant from the Government 
Grants Committee of the Royal Society, to whom I desire to tender my best thanks, 
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THE CAPACITY OF ‘THE AIR PASSAGES. ‘UNDER 
“VARYING PHYSIOLOGICAL CONDITIONS. By C. G. 
DOUGLAS AND J. S. HALDANE. 


the Physiological Laboratory, 
Tae 3 of the air passages connecting the lung alveoli with the 


air outside the body is of interest, not only as representing a dead space 


80 far as respiratory exchange is concerned, but also as an index of con- 
traction or dilatation of the bronchi, with corresponding changes in the 
resistance to air-flow. The maintenance by the smaller bronchi of a 
certain resistance to air-flow is probably of as much importance for the 


even distribution of air throughout the lung substanes as is the resistance 


of the arterioles for the proper distribution of blood throughout the 5 
body. If, however, these bronchi remained constant in diameter, what- 
ever the flow of air, the resistance would either be excessive during ; 
hyperpnos or insufficient. during quiet breathing. 
With these, physiological considerations in view we have taken advan- 


tage of a series of experiments: made mainly for another object, in order 


to determine the “dead space,” or capacity of the respiratory pegs, 


in various physiological conditions of rest and work. 


The method was as follows. During a period of from about two to 


seven minutes according to the rate of pulmonary ventilation, the 


expired air was collected by means of the Douglas respiration apparatus’, 

and afterwards analysed and measured. The frequency of breathing was 
at the same time accurately determined with a stop-watch, so that the 
depth of breathing could be calculated. The average composition of 
the alveolar air under exactly the same conditions was also determined 
by the direct method of Haldane and Priestley, samples being taken 
at the end of inspiration and the end of expiration at each determination. 
The subject was one of us (Douglas) throughout, and each figure in the 
table: given below is the average of a number of determinations, all of 
which reed pretty closely. The details of the separate experiments 

„„ This Journal, xur. 
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996 0. 8. «DOUGLAS AND J. A HALDANE. 


with the respiration apparatus will appear in a paper on the results of 
the Pike's Peak Expedition of 1911. 

The data thus obtained enabled us to calculate the average volume 
of the dead space for each series of experiments: for it is evident that 
when we know (1) the average composition of the expired air, (2) that 
; of the alveolar air, and (3) the average volume of each breath, we can 1 

: calculate how much fresh air is mixed with the alveolar air in each of 

breath, This amount corresponds, of course, to the effective dead space. 1 
As, however, the breathing was through valves, and the dead space be- 1 
tween these valves and the mouth of thé subject was 53 c.c., we must 
3 deduct 53 c.c, from the gross volume of the dead space, in order to obtain 
—  . the dead space of the respiratory passages by themselves. The dead 
. . given in 25 table are calculated in this way. 


. 287 197 3:19 5°97 160 4-10 
328 264 8-14 5-70 222 58 
2 miles an hour (laboratory) 668 561 163 12-7 1296 425 604 381 . 11-6 
2 „ „ (grass)... 780 662 186 147 1971 489 298 
1 „ (laboratory) 907 787 209 149 1488 4:88 6˙14˙ 8866 15˙2 
3 „ „ (grass)... 1066 922 248 162 1585 462 610 3820 ‘188 

4 „ „ (Qaboratory) 1182 1057 200 144 9010 455 628 488 © 21-1 
4 „ „ (grass)... 1596 1898 87°33 182 2064 467 636. 497 27˙6 
44 „ „ Gaborstory) 1498 1251 842 172 2055 4°50 644 565 247 
„ (rasse) 2006 1788 465 18% 2524 4°72 620 549 85° 
„ (laboratory) 21256 2000 51-3 183 2810 4-80 6-28 609 89°38 
5 „ (Grass)... 2548 2986 60-9 195 5146 479 6-10 402 


It should be observed that the data for rest in bed were obtained. 
just after waking in the morning: those for rest standing, after standing 
for five ot in most cases ten minutes ; and those for walking, after 
walking for five minutes at the same rate. Some of the experiments 

were made while the subject was walking round a large room. in the 
laboratory, and the rest while walking backwards and forwards: along a 
measured stretch of 50 yards in a grass field, It will be seen that for 
equal rates of walking the respiratory exchange was markedly greater 
on the grass track. This difference seemed to depend mainly on, the 
fact that the wooden floor was: smoother and firmer; but partly also 5 
on the fact that the actual mie of walking may have ben slightly 5 
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greater on the grass track, owing to the tinie lost at each turn. There 
was also a waste of energy in turning sharply on the grass track. 
The bigher ‘percentage of CO, in the alveolar air just after e is 
connected with the lower body temperature. 

It will be seen from the Table that the volume of the dead space 
ee very strikingly with increase in the exertion, the dead space 
during the 8835 exertion being nearly ſour times as great as 6 during 
rest in bed. 

The volume of air breathed eee to about sight times, the 
alveolar ventilation and discharge of CO, to about twelve times the 
resting value. On the other hand the frequency of breathing remained 
nearly the same, so that the enormous increase in the volume of air 
_ breathed was almost entirely due to increase in the depth of each 
inspiration The depth increased from 457 d. to 3145 ce. -a very 
striking fact. The breathing was still very far from being maximal. 

Haldane and Priestley, who determined the dead space by a 
somewhat similar method, found that individual determinations, made 
with a single breath of air, and at different times during rest sitting, 
gave rather variable results, which varied, for instance in the case of 
Haldane, from 124 to 241 ce. They call attention to the probable 
varying influence of the bronchial muscle on the dead space. The 
matter was further investigated by Siebeck“, who found that the dead 
space varies considerably in different individuals. He also found that 
the dead space is distinctly greater during hyperpnœa produced by 
previous muscular work, although the difference which he observed was 
not great, He points out the uncertainties attached to calculations of 
the composition of the alveolar air from that of the expired air on 


the assumption that the dead space is about the same for different 


individuals, or constant for the same individual under varying conditions; 
and our experiments greatly increase the force of this criticism of the 
“indirect” method. During muscular work, for instance, the “ indirect ” 
determinations would give the alveolar carbon dioxide percentage far 
too low, and the oxygen percentage far too high. 

The physiological advantages of a variable state of dilatation of the 
bronchi, and consequent variable dead space, are evident. The local or 
dentral reflexes by which the state of contraction or dilatation of the 

bronchi in various parts of the lung is regulated are not yet understood, 
. the existence of broncho-dilator, as well as broncho-constrictor, 


1 This Journal, XH p. 240. 1905. 
A ; . Skand. Arch, f. Physiol, xxv. p. 81. 1911. 
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nerve-fibres has been already demonstrated by Brodie and Dixon It 
stems probable; however, that the regulation is as perfect as that of 
the arterioles: for failure in the regulation would result in imperfect 
arterialisation of the blood, and probably also in emphysema. Whether, 


besides asthma, in which the bronchi are unusually constricted, there 
are also abnormal conditions of bronchial e is an interesting 


olinical question. 


In view of what is 3 as to the gaseous exchange in the lunge 
and the anatomy of the air- passages it is difficult to see how any other 


factor than dilatation of the bronchi could explain the increase in the 
effective dead space during hyperpnea. We have therefore attributed 
the increase to bronchial dilatation, particularly as such dilatation is, on 
general physiological grounds, extremely probable. As, however, only 
one part of the air-passages is increased in capacity by this. dilatation, 
the increase in dead space connot bade more C 


increase in the volume of the effegtive dead space in breathing; and 
this increase is due to dilatation of the bronchi, with a consequent 
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OBSERVATIONS ON VASCULAR REFLEXES CHIEFLY 
IN RELATION TO THE EFFECT OF STRYCHNINE. 
Br J. N. LANGLEY, of in 
of. Cambridge. 


(From the Physiological 


Iw 8 my observations on the effect of poisons on the 8 
of peripheral organs to nerve stimulation, I made some experiments 
with strychnine and found that in large doses this had in the cat a 
similar effect to that of curari on the response of the bladder to sacral 
nerve stimulation and a somewhat. similar effect to that of curari and 
nicotineꝰ on the response of the heart to vagus stimulation. Strychnine, 
curari, and: nicotine all have a paralysing action on, at any rate the 
majority, of peripheral nerve cells“, and there is reason, to believe that 
the change in response they produce in the above mentioned, and in 
similar cases, is due to an action on the nerve cells. One of these 
poisons—strychnine—has been described by Bayliss‘ as changing the 
vascular response of the afferent fibres of the depressor. nerve in the 
rabbit, and of the vagus in the cat. Rey and Aducco* showed that 
_ strychnine in sufficient amount paralysed the depressor in the rabbit, 
and the vago-sympathetic in the cat and dog. According to Bayliss 
(op. cit.) there are intermediate stages in the action of strychnine, via. 
one in which on stimulating the depressor or vagus there is a rise of 
blood - pressure following the primary fall during or after the stimulation, 
and a later one in which a rise alone occurs; the rise having a long 
latent period (up to 22 secs) The reversal of effect required about 
70 mgms. of strychnine sulphate in the rabbit and shout en 1 95 


i> 


1 Langley. This Journal, xu. p. 125. 1911. 

2 Dale, Laidlaw and Symons. Ibid. x1. p. 1. 1910. 

Langley and Dickinson. Thid. x1. ie 509. 1890. . Langley and Anderson. 
Dia 180. 1895. : 
Roy, Soe. B. wxxx. p. 858. 1806. 
1366. 
unable to obtain. 
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J. V. LANGLEY. 
in the cat and dog, the amount however varying in individual cases. He 


attributed the change, to a change in the action of the depressor fibres, 


and not to the unmasking of pressor ones. This change in response 
resembles but faintly that which oceurs in pre-ganglionic fibres, but it 

seemed to me desirable to ascertain whether any resemblance at all 
éxists, In the course of the inquiry I have made some more general 
observations on vascular reflexes. 


~ Method. The experiments were made on 1 the cat and the rabbit. 


The animals. were antesthetised first with chloroform and then with 
ALC. mixture.’ In all the experiments but one, the whole or nearly the 


whole of the fore brain was functionally destroyed by injecting starch 


grains in suspension into the peripheral end of the right carotid artery. 
The starch grains block first the small arteries of the brain, and then 


secumulate in the larger ones; the circulation is thus cut off and the 


brain rapidly dies. In some cases the vessels of the corpora quadri- 
gemina and of the right half of the cerebellum were also blocked. The 
subsequent procedure varied ; in some cases the A.C.E. was continued i in 
sufficient amount to prevent the corneal reflex of the left eye; in others 
the cerebral hemispheres with the corpora striata and optic thalami 


were removed or destroyed, this caused little or no bleeding, and as the 


animal was then incapable of feeling the anesthetic was discontinued. 


Unless otherwise mentioned the vagi were cut on both sides; in most | 


cases both depressor nerves were also cut. 

‘Since with large variations of blood-pressure, the fluid in the tube 
connecting the artery with the manometer passes back into the artery, 
the tube was filled with Ringer's fluid, and thé bulbous cannula with 
hirudin. Clotting however was not infrequent; care was taken to note 
the early stages of clotting, since at a time when the heart beat is still 


visible i in the tracing, the partial clot may act as a valve and only a rise 


or only a fall of blood-pressure be shown. When the blood-pressure 


was low I sometimes injected BaCl, 04 p.c. in Ringer's fluid in order 


to prevent a loss of reflex from insufficient circulation; this was usually 
but not always effective’. In control experiments I have not found 


that this solution (up to 50 cc. ants — has an * effect 


on nerve stimulation, 


decerebrate animals; the tone is much more marked in the cat than in the rabbit. 
1 may note that the effect of BaCl, on unstriated organs and tisstiés. varies widely ; | 
475 
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VASCULAR REFLEXES AND STR YOHNINE. 24 
The faradic shocks used for stimulating were usually distinctly, but 


: not strongly, felt on the tip of the tongue, de. they were considerably 


above the threshold. Except in one case, curari was injected before 


Norman BLOOD-PRESSUBE REFLEXES. 


Sensory nerves other than the depressor and the mid-corvical, 
isi is known that stimulation of a sensory nerve in an anmsthetised © 


animal ordinarily causes a rise of blood-pressure, provided the anesthesia 


is not too deep. Dittmar, Owsjannikow, and Latschenberger and 


Deahna showed that in the rabbit after separation of the brain from 
the spinal bulb, a rise of blood-pressure is still caused by the sciatic 


nerve, and it is generally if not universally believed that every er 
nerve has the same effect. 

Various observers have noted occasionally a mixed effect of rise and 
fall of blood-pressure or a pure fall, on stimulating a sensory: nerve. 
yon (1871) found that a fall was favoured by anesthetics and that in 
the rabbit it could be obtained constantly by administering chloral. 
Latschenberger and Deahna, after protracted stimulation, obtained 
a slight fall of pressure from the sciatic. Reid Hunt observed 
that certain sensory nerves when cooled caused a fall of blood-pressure 
instead of a rise. These results indicate that sensory nerves have 


' depressor as well as pressor fibres but the fall has been referred to other 


causes, and little is known of the nervous mechanism. by which it is 


produced. 
I have stimulated the superior eal and internal saphenous 


5 nerves?, and occasionally the median nerve. With regard to these 


Cyon* found that the superior laryngeal nerve always caused a rise of 
blood-pressure in curarised rabbits and dogs, though the rise was nearly 
always preceded by a brief fall. Aubert and Roever®, and Francois 


Franck! observed a rise only (dog, cat, lamb). Reid Hunt* found that 


the internal saphenous nerve in anzsthetised and in decerebrate rabbits 
caused a rise of pressure at normal temperatures but a fall when cooled, 
and he concluded, as others had previously en other een that the 


with it; no certain difference in effect was observed. 
Bull. de VAcad, de Set. de St Pétersbourg, xvi. p. 97. 187, 
Pfuger s Arch. 1. p. 211. 1868. 
5 This Journal, XVII. p. 381, 1806. 
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nerve contains both pressor „ Ie: thé cat he found 
that the nerve whether cooled or no caused a rise nr. 
In ‘my experiments the ‘superior laryngeal nerve of the rabbit 


generally gave an irregular curve of rise and fall. In two experiments 


in which the strength of the stimulus was varied, a weak stimulation 


generally caused a rise only, and a strong stimulus a fall with a delayed 
rise or an after-rise. In one experiment, excess of A. C. k. was given and 


this converted the rise into a fall. The internal saphenous nerve of the 
rabbit, like the superior laryngeal nerve of the same animal, cansed 
irregular and inconstant curves showing a struggle between pressor and 


depressor effects, the curves however were of different character and had 


wider variations of pressure. The predominant effect was a fall of blood- 
pressure which in some cases was hardly distinguishable from that 
caused by the depressor nerve. In one experiment with three successive 


stimulations, the first caused a pure rise, the second an irregular curve 


of rise and fall, the third a pure fall; on e the antesthetic a fall 
only occurred. 
Two experiments were made upon decerebrate rabbits’. In Exp. A 


the whole of the brain in front of the corpora quadrigemina was removed. 


The starch injected previous to the removal of the fore and tween brain 
had passed into the right corpora quadrigemina, the right half of the 
cerebellum and to a slight extent to the right half of the spinal bulb. 
The vagus and depressor had no vascular effect. The respiration 
continued though it was slow and laboured, and artificial respiyation was 


kept on during the greater part of the experiment. The internal 


saphenous nerve caused a fall of blood-pressure, broken by partial rises 
due to the muscular reflexes, After injecting curari, the nerve caused a 
pure fall of blood-pressure. In Exp. B the greater part of the anterior 
corpus quadrigeminum as well as the fore and tween brain was removed. 


After curari had been injected the median and the saphenous nerves 


caused a large rise of blood-pressure, the superior laryngeal a small rise ; 


the injection of 1 gram of urethane intravenously decreased the effects 


of the first two nerves but did not alter their character, it abolished sat 
effect of the superior laryngeal nerve. 

The experiments show that the internal Sis nerve in the 
rabbit may cause either a fall or a rise of blood-pressure in the absence 
of the fore and tween brain, and from the conditions of Exp. A, I' think 
the fall cannot be attributed to a reversal of the action’ of the nerve by 
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anwsthetics. The result confirms the conclusion of Reid Hunt that 
the nerve contains both depressor and pressor fibres capable of acting | 
upon some lower centre or centres probably in the spinal bulb. 

In the cat I have investigated the action of the nerves less fully and 
have only observed a rise of blood-pressure on stimulating them. 
Heidenhain and Griitzner’ found in the rabbit after severance 
of the fore brain from the mid brain and at a certain stage of the action 
of curari, that tactile stimuli caused a large rise of blood-pressure. In 
Exps. A and B just mentioned (decerebrate rabbits), I tried the effect of 
lightly rubbing the hairs of the abdomen backward and forward, after 
injection of 1 0.0. of 1 p.c. ourari. In Exp. A the tactile stimulation 
caused a large rise of blood-pressure (cf. Fig. 1); this was the more 


1. Rise of blood-pressure from tactile stimuli in deoerebrate rabbit. The irregu- 
oocvering of the animal. 


since as already the vagus deptemor bad no 
effect on the blood-pressure and the saphenous nerve caused a fall. In 
Exp. B it also caused a rise, but after injection of urethane it caused. a 
fall of 8 to 12 mm. Hg lasting about 8 sees, the pressure then, though 
the stimulus was continued, either eee to the . level or 

The vague, v. ‘Bezold* found in rabbits that 

caused a rise of blood- pressure. When the cerebral e were 

1 Arch. xv1. p. 55. 

7 2 Unters. fl. d. Inner. d. Herzens, (Leipzig), * 256. 1568. Dreschfeld (cue a. d. 
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removed he observed a fall only, Aubert and Roe ver (op. cit.) observed 
at times a fall both in curarised animals and in those to which morphia 
had been administered. In my experiments the form of the curve 
obtained on stimulating the vagus varied greatly, indicating a struggle, 
with varying pre-potence of pressor and depressor action; the variation 


was no doubt in part due to the degree to which the stimulus affected 


the respiratory movements. In genéral with weak currents (not mach 
above the threshold), a rise only was obtained (Fig. 2), with ‘stronger 


currents there was usually a primary slight rise followed by a fall, 
which was broken by unequal rises, and after the stimulation a fall; 
sometimes there was a fall only (ef. Fig. 2): Occasionally there was an 


after-rise of 10 to 20 mm. Hg, when this occurred it was usually when 
the blood-pressure was rising. In decerebrate rabbits the 755 caused 
either a rise or a fall (cf. p. 


Fig. 2. Stimulation of vagus in the rabbit with different strengths of current. 


Kowalewsky and Adamuk found that in curarised cats the vagus 
usually caused a fall of blood-pressure, but that with a certain strength 
of stimulus there was an irregular rise and fall. Fr. Franck? in 


curarised animals occasionally observed a rise. Several observers have 
only obtained a fall in animals anssthetised with chloroform or ether. 
In my experiments (the higher centres of the brain being more or less 


completely out of action), the vagus never caused a primary rise of 
blood-pressure, but there was at times an after-rise occurring 10 to 
30 secs. after a stimulus lasting 20 secs. In ‘view of the recent: 


observations on the ‘reflex secretion of adrenalin’, a late rise cannot be 


definitely taken as showing the presence of pressor nerve 2988 tp in 


1 Ontrib. f. d. med, Wissensch. p. 547. 1868. ; 
Trav. d. Lab. d. M. Marey (Ann. 1878-79), rv. * 1550. 


Ok. Elliott. This Journal, p. 874. 1912. 
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VASOULAR REFLEXES AND STRYCHNINE. 245 


accordance with what has been said above (p. 241) the fact that the vagus 
is a sensory nerve indicates that pressor nerve fibres are present in it. 
Ie depressor in the cat. In the cat a nerve anatomically similar to 
the depressor of the rabbit, and capable of causing a large fall of blood- 
pressure, is not uncommon. It has been described by Bernhardt, 
Aubert and Roever’, Kowalewsky and Adamuk’, and other ob- 
servers. Aubert and Roever found that it sometimes accompanied 


the vagus and sometimes the sympathetic. It is not clear whether they 
meant that it runs in the same sheath or simply alongside these nerves : 


I have mentioned formerly“ that it may run in the same sheath as the 

‘sympathetic; in one recent experiment in which stimulation of the 
_ sympathetic in the middle of the neck caused a fall of blood-pressure, 
teasing out a piece of the nerve under a microscope showed the presence 
of a small bundle of (chiefly) medium size nerve fibres; and these 
were followed into the superior laryngeal nerve. 

No rise of blood-pressure on stimulation of the depressor in the cat 
has, so far as I know, been described, but there is evidence that it 
contains fibres capable of producing this effect. Fr. Franck found 
(op. cit. supra) that in the non- ansesthetised animal it sometimes caused 
strong movements, and when it did not do this it increased the 
amplitude of the respirations’. In my experiments, the depressor 
stopped the respiration for a short time, the duration depending on the 


eo strength of the stimulus and on other conditions; after the pause in the 


‘respiration the breathing usually became quicker. and deeper, and 
occasionally there was some more general body movement. The effect 
on the respiration in fact was like that of the vagus, except that it was 
much less. 7 
| The effects I obtained on the blood-pressure from stimulation of the 
depressor or the vagus were as follows: ordinarily after stimulating for 
20 to.30 secs., the blood-pressure took two or more minutes to return to 
the previous level: increase of the A. C. E. up to a certain limit generally 
shortened the time of return. Occasionally the return passed on into a 
rise beyond the previous level; this aſter- rise was rare and it was never 
constant in an experiment, one stimulus might cause it and the next 


as Quoted from Aubert and Roever. 
2 Pfliiger’s Arch. I. p. 214. 1868. 
2 Ontrib. f. d. med. Wissensch. p. 545. 1868. 75 
This Journal, xxv. p. 471. 1900. 

5 Cyon (Bull. d. Lend. Imp. d. Sci. St Pétersbourg, p. 262. 1871) found that the 
depressor of the horse contained sensory fibres, though few compared with the vagus. : 
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not; when it occurred, the rise to the previous level was never very 
slow but I did not find that increasing the anesthetic increased the 
frequency of the after-rise; it was not however obtained when the blood- 
pressure was high. It is known that the secondary curves are usually 
abolished, occasionally there was very little effect on i (cf. 
5 a). | 

9 depressor in the iber It is not infrequently held that the 
depressor nerve in the rabbit contains afferent fibres solely for the 
vascular and cardiac centres of the spinal bulb. This view has no 
satisfactory basis. Tschirwinsky' observed that stimulation of the 
depressor in rabbits which were not anesthetised often caused signs of 
pain, and in curarised animals that it sometimes caused a rise of blood- 
pressure. Fr. Franck also found (op. cit.) that the depressor contained 
sensory fibres, and noticed quickening of the respiration when there 
was no body movement. It may then be regarded as certain that the 
depressor, often at any rate, is potentially capable of causing a rise of 
blood-pressure by means of the higher centres of the brain. 

‘Numerous observers have found a fall of blood-pressure only and no | 
muscular reflex on stimulating the depressor when the higher centres 
are put out of function by anesthetics. Anesthetics however reduce 
the irritability of the lower as well as those of the higher centres, In 
view of this I made an experiment on a rabbit in which the higher 
centres (fore and tween brain) had been removed, and the ansesthetic 
_ then discontinued. In this case each stimulation of the depressor 
caused constantly a slight muscular movement. The movement was 
for a time abolished by injecting intravenously 1 c. c. of 25 p.c. urethane. 
Here then the afferent fibres of the depressor nerve were not confined 
to those running to the vascular and cardio-inhibitory centres of the 
bulb, but contained fibres which on analogy should in favourable 
circumstances cause a rise of blood-pressure. by a reflex action from 
the spinal bulb. 

The form of the curve obtained on stimulating the depressor varied 
considerably in my experiments, and often ſor no obvious reason. With 
weak stimulation, the fall of blood-pressure may be quick and quickly 
return to normal although the stimulation continues. In general with 
stimulation lasting 20 secs. the time taken for the blood-pressure to 
attain its previous level increased with an increase (up to a certain 
limit) of the strength of the stimuli. In general too this time decreased 
to a limit, with increase in the anesthetic. 


1 Zntrlb. J. Physiol, x. p. 68. 1896. 
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I have not observed in an anwsthetised animal an after-rise of 
pressure. An after-rise however was obtained in the decerebrate animal 


mentioned above (p. 246). In this the stimulation of the depressor 


was constantly followed by a slight and somewhat variable rise. The 
fall of blood-pressure was not great, and Traube's curves were only 
slightly lessened, so that probably the removal of the fore brain had 
depressed the action of the vaso-motor centre (the mean blood-pressure 
was about 60 mm. Hg). The after-rise became somewhat more marked 


and quicker when a small amount of urethane (1 gram) had been 


injected intravenously, The urethane stopped the Traube curves for 
about 14 mins. The rise occurred after the end of the stimulus whether 
the stimulus lasted for 5 or for 60 seconds. In Fig. 3 the effect of 
stimulating the depressor for 20 secs. and for 60 secs, is shown ; there 
were five intervening stimuli having a similar effect, 


8. Afterrise of blood on the depressor in 
rabbit, (a) for 20 secs., (b) for 60 secs. . 

Effect of curari. In all the experiments in which the effect of 
strychnine was tried, except one on a rabbit, curari was given before the 
strychnine. Curari, as is known, causes a much greater fall of blood- 


Pressure in the cat than in the rabbit. In quantity sufficient to 


paralyse somatic nerves, it has little or no effect upon the action of 


the vagus in the cat or of the depressor in the rabbit. It tends 


however to make more prominent the pressor action of the vagus in 
the rabbit’; thus a stimulus which before curari causes a mixed rise 
and fall, nal causes after curari a rise only; with stronger stimuli 
the irregular curve may still be obtained. This effect of curari is also 


1 OF. Heidenhain and Gritsner (op. cit. supra) on the effect of curari in the tactile 
reflex. It may be noticed that Reid Hunt (op. cit.) found re ~e 
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seen in decerebrate animals. In Exp. B mentioned above (p. 242), the } 


vagus, before curari was injected, caused a fall of 60 to 70 mgs. Hg 
broken by rises due: apparently to muscular reflexes; after curari it 
caused a pure rise of about 50 mgs. Hg. Curari in large amount no 


doubt diminishes: vascular reflexes by interfering with the passage of. 


nerve impulses through the peripheral nerve cells, but I have given in 
the rabbit five to six times the amount required to paralyse somatic 
motor nerves with but eight effect on the e reflex, = 


THE EFFECT OF STRYCHNINE. 


It is difficult to say with any exactness what is the . dave of 


3 which will paralyse the depressor or the vagus, since the 
effect is transitory. The difficulty is greater in the rabbit than in the 


cat, since the former, as is known, is less sensitive to strychnine. The 
evanescence of the paralysis is of advantage in determining whether 


strychnine reverses the depressor action or no, since during recovery the 


nerves can be stimulated at short intervals and the process of recovery | 
followed; moreover paralysis can again be brought about, and the 


observation repeated several times in the same animal. The early 
stages of recovery may be quick, but the later stages are slow. Even 
after paralysis by an approximately minimal dose, I have not found 


complete reoovery in half-an-hour. After a large dose of strychnine, 


recovery is no doubt retarded by the low blood-pressure. A first 
dose of a milligram or two has a greater effect in reducing the de- 
pressor action than a subsequent equal dose, and considerably more 


than the minimal paralysing dose can be given in successive small doses | 


without producing paralysis. 


Strychnine in large quantity bas, like curari, a paralysing action on 


peripheral nerve cells, but the quantity required to paralyse the 
cervical sympathetic i is very much larger than that required to paralyse 


the depressor. It is a familiar fact that the first doses of strychnine | 


cause a rise of blood-pressure which, if the dose is large enough, is 
followed by a fall, and that subsequent doses cause a fall only. With 
the larger doses the fall is I think largely at any rate due to a partial 
paralysis of the peripheral nerve cells. The fall like the paralysis of 
the depressor and of the peripheral nerve cells is transitory, and the 
pressure gradually rises. It is in this condition of rising blood-pressure 
that usually the depressor must be tested for reversal of action by 
— As the pressure rises the tracing tends to become regular, 
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nerves; the vagus stimulated 


it gave the slight fall of blood- 
pressure shown in Fig. 4. 


VASCULAR REFLEXES AND STRYCHNINE. 240 
the irregularities are of course greatest with the earlier doses ok 


strychnine, when they are present they make it difficult to be certain 


whether a rise or fall of blood-pressure occurring during the stimulation 
of the nerve is caused by the nerve or no. 

The number of milligrams: of ‘strychnine’ mentioned in the 
following account as having been injected refers not to the eee, but 
to strychnine nitrate. 


The depressor and vagus in the cat. Ihave seat five experiments 


on the effect of strychnine in the cat. A great decrease in the effect of 
the depressor and of the vagus was caused by 1 mgm, of strychnine 


(Exps. 1, 2, 5). In Exp. 4, 
2 mgms. of strychnine caused 
a transient paralysis of these 


2 mins. after the injection had 
no effect, stimulated 4 mins. later 


In Exp. 3 the amount of Fig. 4. Stimulation of vagus in cat on slight | 


strychnine required to paralyse recovery from paralysis by 2 mgms. of 


was rather greater; the vagus 
stimulated 3 mins. after the injection of 35 mgms. of 


a fall of 3 mm. Hg. 


In four of the experiments there was no after-rise on e i 
the vagus or depressor either before or after strychnine. In the 
remaining experiment (Exp. 2) the vagus caused a considerable, though 


belated, rise of — before strychnine was given but none. 


after. | 
~ In all the experiments several injections of strychnine were made, : 


. An abstract of Exp. * in which the ons were numerous, may ag 


given. 
1. Oat. 1.0. and starch injection. The deprensct and the vague (lef side) 


gave almost identical effects; for that of the depressor see Fig. 5a. The left superior 


laryngeal and the right saphenous nerves caused a rise of about 24 mm. Hg; 1˙8 6. 0. 1 p. . 
curari injected. Four injections of 1 mg. of strychnine were made at intervals of 4 to 5 
mins, and the vagus and depressor stimulated after each injection, there was a oonsider- 
able reduction of effect after the first mgm., the subsequent ones had little or no additional 
action; the only after-rise obtained was from the vagus after the third mgm., the effect in 


this case and after the fourth mgm. are shown in Fig. 5, ö, c. At this stage the superior 
laryngeal gave no effect and the saphenous nerve a doubtful one. 


Three separate injections of 2 mgms. of strychnine reduced the extent of the vagus 


and depressor fall; a slight after-rise occurred usually but not always. Each of three 
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subsequent injections of 8 mgms. of strychnine caused temporary paralysis followed 5 i 

slight recovery. Fig. 5, d and e shows the tracings on stimulating the vagus and . 

depressor together 14 mins. and 9 mins. respectively after the second 8 mgms. After 1 

the third 8 mgms. the vagus and depressor were paralysed for about 15 mins. The 3 

pressure was raised by injecting ͤ ͤ V increasing the effect of stimulation. The 

ert cervical sympathetic caused a rise of 14 mm. 


Fig. 5a. Stimulation of the depressor of the cat before injecting strychnine. 
The vagus gave a similar curve. 


* Be Later stages of the experiment from which Fig Sa is taken, showing 
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Decerebration (Exps. 2 and 3) had no certain effect on the results. 


‘Evisceration Exp. 4) only reduced the normal action of the vagus and 
_ depressor. I conclude from these experiments that strychnine does not 
cause a reversal of the e action of the vagus or the depressor 


nerves in the cat. | 
‘Bayliss in most cases did not find that strychnine caused a reversal 


a depressor action in animals: which had been eviscerated and the 
lumbar and cervical sympathetic nerves cut. He considered that in 


this case the fall of blood-pressure on stimulating the depressor 
nerve or the vagus is mainly due to excitation of a vaso-dilator centre, 


and that the fibres causing this are not reversed by strychnine. I tried 
one experiment on these lines; the animal was eviscerated, one kidney 
and the 5th and 6th lumbar sympathetic ganglia were removed and the 
_ cervical sympathetics cut. The vagus caused but a slight fall of blood- 


6 a. of lft rages of eaten carves daring reovery frm 


strychnine. Mean blood-pressure at beginning of tracing 108 mm. Hg. 


‘rene (10 to 14 mm. Hg). . Successive injections of small amounts of 

strychnine’ gave results similar to that described above, except that 

after the first 1 mg. of strychnine the vagus gave a slight rise, this was 
‘obably due to escape of current to the oe since on further 

isolating it a fall only was obtained. 

In Exp. 3, one vagus was left intact in order to test the recovery of 


‘reflexes on the heart as compared with those on the small arteries. 
Before strychnine was given, the central end of the left vagus (as the 


depressor) caused the normal effects, viz, a large fall of blood-pressure, 


Bei. I may note that in this experiment, the first injection of strychnine (1 mg.) caused a 


riss of blood-pressure, the second (1 mg.) caused trace of rise and a slight after-fall, the 


_ third (8 mgms.) caused a slight rise (10 mm. Hg) and an after-fall. nylien in axperi- 


only. 
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LANGDRY, 


8 of Traube's curves and marked slowing of the heart beat. 


‘After the effect of 3˙5 and of 5 mgms. of strychnine had been noted, 
10 mgms of strychnine were injected. For about 20 mins.’ no effect 
was obtained on stimulating the central end of the left vagus, then 
there was a quickening of the secondary blood-pressure curves during 
stimulation, with a slowing of them after the stimulation, and without 


alteration in the general blood-pressure. One of the curves is shown 


in Fig. 6a. On section of the right vagus, the central end of the left 


nerve had no effect, but the peripheral end of the met vagus had an 


effect similar to that pre- 
viously caused reflexly. The 
degree of quickening of the 
secondary curves varied with 
the strength of stimulation; 
the effect with a moderately 
strong stimulus is shown in 
Fig. 66. After this peri 
pheral effect had been ob- 
tained half-a-dozen times the | | 
central end of the left vagus Fig. 66. Continvation of Fig. 6a. Stimula- 


ton of the peripheral end of the right vagus. 
was again stimulated, it Mean beginning = 70 
caused the slight fall of 


blood-pressure shown in 
Fig. 6c, without any change 
in the secondary curves. In 
this case then the secondary 
curves were of peripheral 
origin; it is hardly likely 
that such regular variations 
would be caused by con- 
tractions of the abdominal 
viscera, so that they were 


probably due to regular Fig, 60 Continuation of Fig. 6 b. Reflex 


— . effect of left vagus (the right being cut) 
variations in the strength showing slight fall of blood-pressure but no 
of the heart beat. effect on the secondary curves. e 


The depressor in the rabbit. pressure at beginning = 60 mm. 


1 the stryehnine had greatly reduesd the blood-pressure, 40 0.6. of Beck, 04 po. 
blood-pressure. 


Five experiments were made. The vagus as well as the depressor was 
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. stimulated, but as this nerve is recognised as having pressor fibres, the 


effect of strychnine on it will be considered later (p. 255). 

Bayliss noticed that a larger amount of strychnine is required to 
paralyse the depressor in the rabbit than the vagus in the cat 
(cf, supra p. 239), and that there were individual variations. In my 
experiments the degree of change caused by strychnine varied widely, 


this no doubt was partly due to differences in the extent of the brain 
put out of action by the starch injection, and the differences in the depth 


of anzsthesia. In two cases 3 mgms. of strychnine caused a distinct 
reduction in the depressor effect, and a subsequent 10 mgms, a transient 
paralysis; in the others, 3 mgms. had no obvious effect on the depressor, 
and a slight depressor effect was obtained on stimulating 2 mins. 
after injecting 10 mgms. of strychnine. In one experiment in which 
no curari was given, successive doses of 3, 3, 3, 3, 10, 20, 30 mgms. were 
administered, and complete (temporary) paralysis was only obtained 


Fig. 7. After-rise of blood occurring on stimulation of the depressor of rabbit during 
| recovery from a moderate dose of strychnine (see Text), | 


aſter the last dose. As in the cat the paralysis is transitory, the 
duration in any one experiment depending on the amount of strychnine. 
When a sufficient amount is given to cause a paralysis lasting 10 to 
20 mins, the first effect obtained is a slight fall, usually unaccompanied 


by any after-rise. When the paralysis is of brief duration, and when 
amounts of strychnine insufficient to paralyse are given, the fall of 


blood-pressure produced by stimulation is commonly though not always 
followed by an after-rise. This effect has been observed by Bayliss. 


The after-rise is more marked and more frequent during the gradual 
rise of blood-pressure which follows the injection of strychnine, and not 
infrequently the first stimulation (whether of the depressor or vagus) 
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causes an after - rise, and the second (whether of vagus or depressor) j 


causes a fall only. Stimulation during the after-rise causes a fall. 
In four of my experiments the fore brain was either removed, or 
more or less put out of function by starch injection. Since this was 
not done. in Bayliss’ experiments, I made one experiment in which 
the brain was intact, and the anmsthesia maintained by urethane. 
Here successive injections of 3, 10, 20, 30 and 20 mgms. of strych- 
nine were made. The 3 mgms. caused great irregularities of blood- 
pressure, but the depressor had an approximately normal effect. Stimu- 
lation of the depressor 44 mins. after the 10 mgms. caused a slight 
fall of blood-pressure and a slight after-rise (Fig. 7 a), there was fair 
recovery. After the 20 mgms., the depressor had no effect for about 
8 mins. then there was fair recovery, and the fall was followed by an 
after-rise; one of the curves is given in Fig. 7 b. After the 30 mgms. 


Fig. 8. Simulation of depen oat during recovery 
dose of strychnine. 


shana was paralysis for about 20 mins, then the eee caused a 


slight fall and after-rise. After the last dose (20 mgms.) the depressor 
was stimulated for 20 secs. in each 2 minutes. The tracing of the 


second stimulation is given in Fig. 8. The blood-pressure gradually rose 


and the tracing became somewhat irregular, so that it was difficult to 
be certain whether a trifling change was caused by the stimulus or 


not, but the first effect appeared to be produced by the eighth stimulus 
Fig. 86); from the ninth stimulus onwards (Fig. 8 c) there 
fal without any after-rise. 

In the numerous stimulations on the verge of nige there was 
ole one case in which there was an after-rise with only a doubtful fall 
during the stimulation. That is shown in ‘the first stimulation in 
Fig. 9, and it will be seen that the immediately following stimulation 
at an interval of 70 secs. caused a distinct fall. In no experiment 
was there any ‘certain ‘instance of a primary rise on stimulating the 
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depressor or the vagus. The most doubtful case was that given in 
Fig. 10, in which a trifling rise coincided with stimulation, but it 


will be seen that there were other similar rises of blood-pressure un- 
accompanied by stimulation. 

Effect on nerves commonly causing a rise of blood-pressure. The 
nerves of this class on which I have made observations are the superior 
laryngeal and internal saphenous nerves, and occasionally the median 
nerve, of the rabbit and cat; the vagus and the tactile nerves of the hairs 
of the rabbit. 7 


pig. 10. Stimulation of depressor and vagus in rabbit after strychnine. 


: The vagus of the rabbit, as has been mentioned above, caused at the 


beginning of an experiment a mixed pressor and depressor effect and the 
pressor effect was favoured by curari. Strychnine in diminishing the 
response diminished mainly the pressor effect; thus in most cases, even 
when the amount of strychnine was small (3 mgms.) the sole effect 
during stimulation was a fall of blood-pressure, though there was not 
infrequently an after-rise. On subsequent injection of strychnine, the 


vagus behaved like the depressor except that it was usually paralysed 


earlier, The absence of pressor effect in these cases may have been in 
part due to the stimuli being too far above the threshold, for in one 
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experiment in which weaker stimuli were used the vagus gave a rise‘of — 
blood-pressure, or a rise followed by a fall, after 20 mgms. of strychnine, — 


The result was more complex in one experiment on a decerebrate rabbit 


(Exp. B see p 242). In this the vagus caused at first a considerable fal! 
of blood-pressure, broken by rises due apparently to muscular reflexes ; 


after 1 c of curari had been given it caused a rise only; the rise was 
reduced by the injection of 1 gram of urethane intravenously. Brief 
paralysis of the vagus was caused by 5 mgms. of strychnine, and on 
recovery it gave a slight preliminary rise followed (during the stimula- 
tion) by a consideruble fall; at this time the median and the internal 
saphenous nerves caused a trifling rise. The subsequent injection of 
20 mgms. of strychnine reduced the blood-pressure from 118 to 46 mm. 
Hg; the first effect obtained from the vagus was a slight rise, the 
saphenous nerve gave a larger rise, and the median nerve a still larger 


one. In this case the result of stimulating the vagus was changed three 


times; the result at each period being constant, and the paralysis of the 


vagus by the second dose of strychnine was at least as great as that of 


the somatic sensory nerves. The results seem to me to show that the 
pressor and depressor fibres of the vagus are connected with different 
nerve centres and that they are differently affected by a number of 


different conditions. It is not improbable that the distribution of 


depressor fibres between the vagus and the depressor nerve varies in 
different animals, 


Bayliss made the interesting observation that the vascular reflex 


produced by stimulating the median or other such nerve was paralysed 
by strychnine before that produced by the depressor in the rabbit and 
by the vagus in the cat. This I can confirm as regards the superior 
laryngeal and the internal saphenous nerves: in most cases it may be 
mentioned the former was paralysed a little before the latter. The 


saphenous nerve of the cat in the two experiments made gave a rise of 


blood-pressure after injection of strychnine as long as it gave any effect ; 
there was no indication of reversal. In the rabbit strychnine in small 
amount usually abolished the pressor effect of the saphenous nerve when 


this was present (ef. p. 242), and after this the nerve, as long as it had 


auy effect, caused a fall of pressure. In one experiment on a decere- 
brate animal, mentioned above in connection with the vagus, the nerve 
gave a rise of pressure only, both before and after strychnine (5 and 
20 mgms.). Here as with the vagus the results are most naturally 
explained by different conditions in the experiments affecting to a 
different degree different nerve centre. 
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Two experiments were made on the effect of strychnine on tactile 
stimuli both on decerebrate rabbits (Exp. A and B referred to on p. 243). 


In one the pressor effect was large before strychnine was given; 5 mgms. 
of strychnine abolished for about 5 mins. the effect of tactile stimuli, and 


that of electrical stimulation of the saphenous nerve. The first effects 
on recovery were a slight fall from the saphenous nerve and a slight rise 


from tactile stimuli; a marked effect was first obtained from tactile 
_ stimuli, In the other experiment, urethane had been injected and the 


tactile reflex, before administering strychnine, was only a slight primary 
fall, after injecting 5 mgms. of strychnine the first effect obtained was a 
slight fall; at this time the vagus caused a good fall and the median 


and saphenous nerves a slight rise. At a later period of the experiment 


when the effect of the urethane had no doubt diminished, tactile 
stimulation caused a trifling rise of blood-pressure. The results 
show I think does not reverse the of the 


me 2 observations described above make it, I think, clear that 
strychnine in varied conditions of experiment does not cause a reversal 
in the depressor action of the depressor nerve in the rabbit or of the 
depressor and vagus in the cat. Further it is to be noticed that if any 
conditions were found in which after administering strychnine a reversal 


of the normal action of these nerves occurred, this would not in itself be 


evidence that the action of depressor nerve fibres had been turned into 
a pressor one, for as we have seen, both depressor and vagus nerves are 


4 capable of causing a rise of blood-pressure by acting on the higher 


centres of the brain, and probably also by acting on the lower centres of 
the mid brain and spinal bulb. We have seen that after a moderate 
amount of strychnine has been given, the depressor nerve in the rabbit 
commonly causes a rise of blood-pressure when the stimulus has ceased. 
But we have also seen that it is less frequent and is often absent after 
large doses of strychnine, that it may occur in the decerebrate rabbit 
without strychnine, that (so far as the experiments go) strychnine does 


not inerease the frequency of the after-rise in the cat; and that in 
ansssthetised animals, many somatic nerves cause at times a similar 
after 


Strychnine does enen modify the effect of stimulating the vagus 
and internal saphenous nerves of the rabbit. But there is evidence 
(cf. supra) that these nerves have both pressor and depressor fibres in 
considerable number and the action of strychnine may be fairly attributed 
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than it has on those of the depressor fibres. 


Bayliss has laid stress on the fact that at a certain stage of 
strychnine poisoning the somatic nerves cause no rise of blood-pressure — 


whilst a late rise is caused by the depressor in the rabbit and by the 


vagus in the cat. He argues that at this stage all pressor fibres have been 


paralysed, and that therefore the late rise must be due to a reversed 


action of depressor fibres, I do not think the conclusion follows from 
the premises, for it is not only those fibres in the somatic nerves which 


cause a rise of blood-pressure, which are paralysed relatively early by 


strychnine, but also the fibres which cause a fall of blood-pressure. 


Thus the argument leads also to the conclusion either that the fall of 


pressure caused by the depressor and vagus nerves is not due to 
depressor fibres, or that there are no depressor fibres in the somatic — 


nerves. There are I think two factors influencing the relative ease of 


paralysis of different nerve fibres, viz. a difference in the central 


connections of the fibres, and a difference in the number of afferent 
vascular fibres in different nerves. 


Intermediate centres for afferent vascular fibres. It is 00 ed 


that sensory nerves may cause a rise of blood-pressure by an indirect 
action on the vaso-motor centre by way of the higher centres of the 
brain. It is also recognised that the respiratory centre may influence 


the vaso-motor centre. And no doubt most observers bear in mind the 


probability that the vaso-motor centre can be influenced by impulses 


proceeding from various other parts of the central nervous system. 


Notwithstanding this, all vascular reflexes of any considerable extent 


which occur in the anssthetised animal are commonly treated as if they 
were the result of a direct action either on the vaso-motor centre or on 
the vaso-motor centre and a vaso-dilator centre, In fact, however, it is 
practically certain that there are one or more relays of cells between the 


great majority of afferent vascular fibres and the vaso- motor centre and 


it is possible that the same holds for all of them. There is evidence 
that this is the case even for the depressor nerve, for on injecting starch 


in successive small amounts into the internal carotid artery of a cat or 


rabbit, a stage is sometimes obtained in which stimulation of the 
depressor has no effect, but the vaso-motor centre is still active as is 
shown by the fall of blood-pressure caused by further injection. | 


In one of the experiments on the rabbit mentioned above, in which 
starch was injected and the fore and tween brain removed neither vagus 


ln such experiments there is « possibility of an unequal action on the of the 
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nor depressor had any effect but the mean blood-pressure was 95 mm. 
Hg, the saphenous nerve caused a fall of 25 to 35 mm., and tactile 
stimuli caused a large -rise of blood-pressure. In another case after 


injection of starch, the saphenous nerve had only a trace of effect, but 


the vagus and depressor had their normal action. These results indicate 


that in the spinal bulb there is one relay centre for the depressor and 
vagus fibres, and another for somatic afferent fibres. We should expect 
‘that some of the afferent fibres of the vagus would be homologous with 
those of the somatic nerves and that both of these would eventually join 


the same group of nerve cells in the spinal bulb; some evidence that this 
is the case is afforded by the early abolition by strychnine of the effect of 
the superior laryngeal nerve and of we pressor — of the N in the 

I am then inclined to consider that the great variations which occur 
in the effect of stimulating afferent nerves in conditions which apparently 
are not very different, are largely due to differences i in _ condition of 
the relay centres. 

Effect of nicotine. Two experiments were oat on the effect of 
nicotine. About 3 mgms. of nicotine caused in the rabbit brief paralysis 
of the vascular effect of the depressor; the saphenous, and the superior 


laryngeal nerves, though muscular reflexes were still obtained. The 
‘time taken to recover slight action was much the same in all three 


nerves, though the recovery of the pane — lagged a little 


SUMMARY OF CHIEF RESULTS AND CONCLUSIONS. 


| The vagus and internal saphenous nerves of the rabbit—nerves this 
are sensory and in which there is evidence that a considerable number 
both of pressor and depressor fibres exist—have their pressor action 
favoured by curari and their depressor action favoured by strychnine (in 
excess of a certain small amount). The simplest explanation of the 
change in the effect of stimulating these nerves is that the drugs have 
a different action on the centres connected with the pressor and the 
depressor fibres. Strychnine was not found to cause any change in 
the action of the internal saphenous nerve in the cat. 
The depressor nerve in the cat normally affects respiration in the 
same way as the vagus does though the effect is much less. The 


depressor in the decerebrate rabbit may cause reflex muscular move- 


ment; probably both nerves contain fibres capable of causing a rise 
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of blood-pressure hu e direct action on the spinal bulb as well: as 
indirectly by the brain. 


The paralysis produced by strychnine in the vagus of the cat, sid 


the depressor of the rabbit, is transient. The paralysing effect varies in 
different individuals though this may in part be due to differences in 
experimental conditions. Brief paralysis of the vagus in the cat is 


usually caused by 2-3 mgms. of nitrate of strychnine, and of the depressor — 
of the rabbit by 10 to 20 mgms. Paralysis followed by partial recovery 
may be produced many times in one experiment. Strychnine does not, 
in very varied conditions, alter the sign of the response obtained by 


3 stimulating these nerves; the first effect on e from a er oe 
is a trifling fall of blood-pressure. 


Tactile stimuli may cause a rise of 5 in a * 


rabbit, and do so in conditions in which the vagus and depressor nerves 


have no effect; urethane may convert the rise into a brief fall. When 
either action is present, strychnine reduces it until it is abolished, but | 


does not alter its sign. 
As the vagus recovers from. strychnine paralysis, its first reflex effect 
may be a quickening followed by a slowing of the secondary curves 
without any action on the mean blood-pressure. This effect ceases on 


section of the opposite vagus, and is obtained by stimulating the 
peripheral end of the vagus; so that the eT curves in this case 


are probably of cardiac origin. 


On injecting starch grains into the internal carotid artery, the 
internal saphenous nerve and the vagus may be paralysed separately, 


and either may be paralysed whilst the vaso-motor centre still has 


some tonic action on the blood vessels. Probably the inconstancy of 


the vascular effects produced by stimulating afferent nerves is largely 


due to the existence of various relay centres between the nerves and 


the vaso- motor centre, and to these centres being unequally affected by 
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on THE “HEAT COAGULATION” OF PROTEINS, 


PART IV. THE CONDITIONS CONTROLLING THE 


- AGGLUTINATION OF PROTEINS ALREADY ACTED 


_ UPON BY HOT WATER. By HARRIETTE CHICK, 
D Assistant, Lister Institute of Preventive Medicine, AND 
J. MARTIN, MB, D. Se, F. S. Director the Lauter 
Mahone. 
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bes been matter of common experience since the 


“heat coagulation of proteins was first studied, that unless the reaction 


and salt-content of a protein solution be adjusted within certain _— 
no precipitate occurs on heating the solution. 

Hardy first pointed out that precipitation or coagulation of 
proteins under the influence of hot water involved two distinct 
processes, viz. (1) denaturation’, and (2) subsequent agglutination of 
the denaturated particles. The same view was — expressed by 


Pauli and Handovsky (p. 425). 


What precisely happens when denaturation of Seinen: in solution 
occurs, we are not yet able to say. In cases where agglutination is 
absent and the solution may remain completely limpid, its viscosity will 
be found to have considerably increased. This accession of viscosity in 
an emulgoid colloid indicates, as shown by Hatschek @, that the volume 


We hinve adopted the term ‘denaturation ” in — — 


PH. XLV. a 18 


4 « 
— 
* * 7 
ne 
* * 4 — 
‘ 
8 
- ; 
‘ 
4 
AG 
2 
2g = 
* 
* 
N. 
cm 
7 
E. 
2 
a 
; 
~ 
3 
= 
. 
= 
* 
a * 
* 
2 
* 
an 
> 
7 
3 
uh 
A 
12 
4 
y 
* * 
* 
bi 
* . 
4 
ag 
a 
— 


22 . OHIOK AND d J. MARTIN. 


of the dispersed phase has increased at the expense of the continuous 
phase, in other words the colloidal aggregates of protein have taken up 


more water. At the same time the conditions determining the dis- 
persion of the colloid are altered, for as shown by Hardy , the protein 
can now be completely precipitated by adjusting the reaction 80 as to 
render the particles iso-electric with the solution. Small quantities of 
acid or alkali disperse them and they acquire the property of travelling 
in an electric field (Hardy h). If the amount of acid or alkali present 
does not exceed what is necessary to obtain a translucent liquid, particles 


can be seen under the ultra microscope. . In the original albumen — 
solution, before heating, the dispersion or solution. of the protein is not 


dependent upon electric charge and Michaelis, whose important work 
will be referred to directly, concludes that the properties of the colloidal 
solution of albumen have by heating been changed from those of an 
“emulsoid” or hydrophilic colloid to those of a typical suspensoid. 
Dispersions of denaturated proteins certainly possess the character 
of suspensoids in so far that the suspension owes its existence to the 
electrical charge upon the particles, but their other properties, a g. high 
viscosity and low surface tension, suggest that they are at the same time 


hydrophile and that they do not fall into either category but form an 


intermediate group with some of the properties of both. 
“Denaturated” egg- or serum-albumen’'when dispersed in weak alkali, 
is precipitated by dialysis, by saturating with sodium chloride, potassium 
chloride or magnesium sulphate (Starke ) and by ammonium sulphate 
in lower concentration than is necessary before: heating (Moll). 


That is to say, these denaturated proteins have acquired some of the 


characteristics peculiar to globulin, Indeed both Starke and Moll are 
of opinion that albumen is converted into globulin by heating. Michaelis 
and Rona (@ and do) have shown that the state of colloidal suspension 
of serum globulin (eu-globulin) resembles that of heat-denaturated 
serum-albumen, but these resemblances are concerned with the con- 
ditions of dispersion only and do not imply chemical identity between 
these proteins. Since, according to Abderhalden (an and aa), the 


crystalline serum-albumen of the horse affords no glycocol on hydrolysis — 


whereas the globulin yields 3:5°/, of this amino-acid, these two proteins 
would appear to possess a fundamentally different chemical constitution. 
On the other hand, underlying the change in colloidal conditions 
produced by heating a solution of albumen, some chemical changes in the 


I Physik.-chem, d. Kolloide, Richter-Koranyi's Hd. u. p. gee 
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HEAT COAGULATION. OF PROTEINS. 263 


Protein molécule have also been traced. Hopkins un found. that the 
determination of sulphur in pure egg-albumen which had been coagulated 


by heat gave uncertain and low results compared with those made upon 


‘the original protein precipitated by alcohol, and in the case of orystalline 


_ serum-albumen Moll (loc. cit.) found that approximately one-third of 
the sulphur was split off by heat coagulation. The capacity of the 


protein to combine with acids is also increased on coagulation by hot 


water (Chick and Martin do and a»). We have sought for evidence 


of hydrolytic cleavage by determining whether, after the action of hot 
water, there was any increase in the amount of titratable carboxyl 


groups as indicated by the formalin method of Sörensen uh In the 
case of whole serum this was found to be the case, but with solutions 


of pure proteins (crystalline egg-albumen, and re-purified pseudoglobulin 
from horse-serum) we obtained no evidence of hydrolysis when the 


solutions were heated to 100° ©. for two hours in presence of just 


sufficient alkali to prevent precipitation. 


_ INFLUENCE OF VARIOUS FACTORS UPON THE FINAL STATE or 
| AGGREGATION OF PROTEIN PARTICLES DENATURATED BY HEATING. 
| The influence of reaction. 


A slightly acid reaction is necessary in order to completely 
precipitate a solution of albumen by heating. The first step towards an 


interpretation of this fact was made by Hardy (o and u), who examined 
the electrical properties of a suspension of denaturated egg-white 
produced by heating a 1 in 10 dilution of this substance, and found that 


the protein was negatively charged.in alkaline solutions and positively 
charged in acid solution. Further, as the iso-electric point was 


approached from either side, the stability of the hydrosol diminished, 


and at the iso-electric point was reduced to zero and precipitation 
Michaelis an determined the direction in which unheated serum- 
albumen wandered in an electric field when the concentration of 
hydrogen-ions was varied. Different mixtures of primary and secondary | 
phosphates were mixed with the albumen solution to obtain the variations 


in reaction and precautions were taken to obviate the secondary effects of 


electrolysis, Michaelis found that the iso-electric point for this protein 


was considerably on the acid side of neutral, aud, in his earlier experiments, 


determined this point to correspond to a concentration of hydrogen-ions 
18—2 
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equal to 10-* normal. From these results he concluded that the 
“relative acidity” of this protein was between 10° and 10% 


Later Michaelis and Mostynski@ investigated the iso-electrie 


point of dialysed serum-albumen of the ox both in its natural 
condition and after denaturation by heat. The reaction of the solution 
was adjusted by different mixtures either of phosphates or of acetic acid 
and sodium acetate. Both with natural and denaturated serum- albumen 
the iso-electric point was found to lie at a concentration of hydrogen- ions 


ranging from 0°77 to 1 x 10 normal. They also determined the optimal . 
acidity for agglutination of the denaturated serum · albumen by adding 


a small quantity of this to mixtures of acetic acid and sodium acetate in 
varying proportions. The quickest and most complete agglutination 


occurred in the mixture with a concentration of hydrogen-ions equal to 
82 x 10, which corresponds with the observed value for the iso- electric 
point, Michaelis and Mostynski agree with Hardy in the interpreta- 
tion of these results, namely, that at the iso-electric point the charge on 
the protein aggregates is minimal as they possess an equal tendency to 
dissociate as positive or negative ions and are not prevented from coming 
together under the influence of surface tension. 7 
Michaelis and Rona @ have re-determined the position for optimal 
flocculation of denaturated serum-albumen with greater accuracy, and 
have come to the conclusion that in the absence of other electrolytes — 
this occurs at a concentration of hydrogen-ions equal to 3 * 10 normal, 


1a. somewhat lower than the previously obtained value. The additional 
observations of Michaelis and Rona on the effect of neutral salts upon 


agglutination we shall have occasion to refer to later (p. 270). The 
optimal acidity for flocculation has also been recently studied by | 
Sörensen and Jürgensen do. They determined the, influence of 


acidity of the solution upon the amount of protein which could be 


separated by subsequently boiling the solution. They added varying 
quantities of ‘1 N hydrochloric, sulphuric and acetic acid to diluted 
horse serũm and egg-white, heated the solutions in a water bath at 100°C., 


filtered them. and estimated the nitrogen in the filtrate, The latter 


was found to be minimal after addition of a certain definite amount of 
either acid. Excess of the stronger acids interfered with coagulation 
more readily than excess of acetic acid. 8 
We have made a number of observations during the last three years, 
the results of which completely confirm the general conclusion arrived at 
by Michaelis and his collaborators and by Sörensen and Jürgensen. 
A few of our results are worth mentioning as the experiments were 
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planned so as to ascertain the range of acidity within which a coagulable 
protein may be separated from a solution containing it. 


Table I illustrates this in the case of diluted horse-serum to which 


varying amounts of acetic acid had been added. Column 3 shows the 


range (10-40 c.c. N/100 acid added) over which sufficient aggregation of 
the denaturated particles occurred to permit of complete separation of 


the protein by means of a Berkefeld filter. The 4th column shows the 


range (18-25 c.c. N/100 acid) over which the . was kept back * 


filtering through paper. 
TABLE L — 


FVV 
1/100 W acetic acid. 


said or — olling water ͤ 
0 Tranaludent Filtrate contains pro- 
tein * 
10 | 98% of total nin 
— 
~ 126 Oontains precipitate... | 
15 Clear: 1 tion,contai 93 es 9597 * 
158 to 25 „f Filtrate protein-free Filtrate protein-free, 
7 55 9% Protein in filtrate, 
30 Milky con- 4 58% „ „ „ 
tains precipitate 


” „ small precipitate | | Min „ „ 
Alo true after filtration throngh Doalton filter. 


In Table II are set forth the results of a similar experiment with 
crystalline egg - albumen to which N/100 HCl had been added. Within a 
small range of acidity the particles aggregate sufficiently to be filtered 
off by means of filter paper; outside this range of optimum acidity, 


although not visible to the naked eye, they are for a considerable distance 
on both sides still sufficiently aggregated to be stopped by a Berkefeld 


filter. Beyond this second range the particles are too small to be kept 


back but a proportion of them are visible with the ultra-microscope. 


In the experiment detailed in Table III the solution of egg-white 
was denaturated first and the reaction subsequently adjusted by the 
addition of N/100 acetic acid. Complete agglutination occurred over 
a considerable range, but took place more slowly at either end. 
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that an optimum acidity is difficult to detect. 
t Hydrogen. ion concentration =10- normal, determined electrically. 


TABLE III. solution; 5 made 
equivalent) in after standing paper Berkefeld filter * 


No agglutination Filtrate ‘contains 
small amount of 


72 
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nation 


The influence of 5 The 66 
Bere with diluted horse-serum and hydrochloric, acetic and butyric 


acids, show, as was to be expected from the observations of Hardy and 


Michaelis, that the weakest acid gives the widest range within which 
the denaturated protein can be completely separated by filtration through 
a paper filter, The results are given in Tables IV, and VI, and 
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graphically set forth in Fig. 1. After heating the various solutions to 
boiling point, the precipitates were caught on a filter 
_ weighed after washing and drying at 110°C. 

All three acids have an equal effect in inducing agglutination of the 
protein particles up to the addition of 18-14.cc. N/100-acid, at which 
point precipitation becomes complete and a protein-free filtrate is 
of ai, tho oft of the tre aid 


q 

01 

. Fig. 1. Amount of protein precipitated which can be separated by a paper filter when 

4 10 0.0. diluted horse serum (42°9 % ) are acidified with varying quantities of hydro- 


53 Total volume 80 0. 6. 
Ordinates = weight of coagulum in grams. 
_ Abseissse =no. of c.c. N/100 acid added. 
=H,0,0,. 


differs. With the zone of complete precipitation extends only over 


| a very small range (from A to X, Fig. 1), viz. up to the addition of 15°6 c.c, . 
: 1/100th normal HCI; beyond this the coherent precipitate becomes 
55 gradually less until in the solution containing 19°6 oc. it is almost 


entirely dispersed. With acetic acid and butyric acid the range of 
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complete agglutination continues until the addition of 228 cc.’ and 

30 c. 1/100 normal acid respectively (from A to F and Z respectively, 
Fig. 1); on adding more acid the amount of the precipitate which can 
be filtered through — but more was the 
one wish HCl. 


“TABLE IV: 10 diluted horse- | TABLE v. 10 ce, horse | 
— serum (42:9 % acidified with serum acidified with 
varying quantities of hydro- varying quantities of acetic acid 
chlorio acid and heated for two | and heated for two howre at 
houre at 100°C. Total volume 100° C. Total volume = 80 0. c. 


- 


5 
8 


— 
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TABLE VI. 10 cc. diluted horse-serwm (42-9 % ) acidified with 


= 80 0. 


. 
15 


* 


added in c. c. aided in de. 


111321 


4 
These results show very clearly the increased ‘which 
can be obiained by using a slightly ionsed cid for 
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with exactitude, but the range over which maximal agglutination 


with ‘acetic and butyric acids respectively. The mean hydrogen - ion 
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“The resulta of two: further experiments with acetic and butyric acids, 
in the hydrogen - ion concentration of the various solutions was 
determined prior to boiling, are detailed in Tables VII and VIIL The 
observations made in the region of maximum precipitation were not 
sufficiently numerous to define the optimal hydrogen-ion concentration 


occurred was almost the same in both instances, i.e, 47 to 1°35 x 10 
normal and 6 to 1°74 x 10 normal when the solutions were acidified 


TABLE VII. 10 cc. diluted horse serum® (42:9 % hetited for 30. mins. 
at 100° C. 
volle 80 . 


‘Amount of Amount of Concentration of H+ in 
— 
0 70 10-78 normal (0-16 & 107 normal) 
: 6 65 „ „ » 
75 62°5 0 „ (0-54 „ » ) 
10 60 0074 „ » 
12˙5 575 “2518 : „ 55 » 
5565 2814 10% „ 
52 2874 „ » ) 
22 48 am} » ) 
25 45 10 ap (185 ” 99 
40 1187 „ (186 „, „ 
40 . 80 0160 ,, 
A een sample from that in Tables IV- VI. 


TABLE VIII. 10 c. c. diluted horse-serum* (42-9 % heated for 30 mins. 


volume = 80 0. o. | 
Amountof Amount of Amount of of H+ in 
„* 0 normal (0-16 10-7 normal) 
10 01s 10% „ 
56 
29 287 
40 2768 10 „ 474 „ ) 
80 044 ˙ 
diiderent sample from that in Tables IV- VI. ES 
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concentration of this range, about 10-* normal, does not differ greatly 


from that observed by Michaelis and his collaborators for seram- 
albumen. | 
The above the of Hardy and Michaelis 


that the facility with which particles of denaturated protein can be 


aggregated is conditioned by the concentration of hydrogen-ions in this 


solution. By working at the high temperature of our experiments, 
98°C. to 100° C, the range throughout which agglutination takes place 


is more extensive than under the conditions of Michaelis’ observations. 


“ihn! explanation of the fact that the isd-electric point for proteins is 


on the acid side of neutral may be found‘in the amphoterie nature of 


the protein molecule. Michaelis un considered the position of the iso- 
electric point to depend upon the relative tendency of the Protein to 
dissociate as acid and base respectively. From theoretical reasoning he 
concludes that the ratio of hydrogen- to hydroxyl- ions (“relative acidity ”) 
at the iso-electrio point, is equal to the ratio of the dissociation constants 
of, the protein as acid and base respectively, . This was later demonstrated 
by Michaelis and Davidsohn dn in the case of amino-benzoic acid 


where these: constants: have been experimentally determined. On this 


view," when sufficient aéid is present to reduce ionisation of the carboxyl- 
grbuß to the same degree as that of the amino-group, the protein — 
isc-elactric and agpregates owing to surface tension. 


The aggregation of protein particles by electrolytes which will next 


be diioussed’ seems, however, to be a of 4 different order. 


Pauli and Handovsky @ studied the influence of a large series of 


neutral salts upon the coagulation temperature of proteins and (p. 425) 
attributed the effect of salts in raising the “coagulation temperature 


of dialysed ox-serum entirely to their hindering the agglutination of the | 
particles of the denaturated albumen. That this exclusion of any effect 
of salts upon. denaturation-rate is unjustified follows from our own 


observations (u p. 17). Michaelis and Rona® found that if serum- 
albumen were denaturated by heating in alkaline solution, agglutination 
of, the particles took place more readily on addition of acid, if the 
material had been previously dialysed. The hindering effect of salts 
was noticeable in the case of NaCl when it was present to the extent of 


and the was prevented when the solution 
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(Hardy. 


We have found this to, be true also of serum proteins if the aalt is 
added before heating. In the present communication we are, however, 
only concerned with the agglutination of previously denaturated proteins. 

The apparent difference in character between the influence of neutral 
salts on the denaturated proteins of serum and egg-white * is 
well seen from the — of experiments (a) and * ey 
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contained more than 06°/,. In the case of the denaturated. proteins. 
of egg-white, on the other hand, agglutination has been shown to be 
markedly assisted by the presence of neutral salts in small quantities 


(a) Horse-serum. 

r. 10 0.6. diluted 

serum (48 % ), 80 0. 0, water and 8 oc. 1/100th normal acetic acid, the addition of 
which raised the concentration of hydrogen-ions in the solution to about 10 normal, 
were heated for half- an- hour on a water bath at 100 C. A milky solution was obtained 
which contained no visikle particles. This solution was dialysed for two days against 
tap- water and then diluted with distilled water, until its protein-content was the same as 
that of the previous éxpériments (see Tables IV to VII). This material agglutinated 
readily in the cold on addition of a ‘suitable amount of acid. 

The effect of salts upon agglutination was then studied by comparing velocity of 
agglutination in presence of a series of different concentrations of acetic acid, both in 
absence of salts and after addition of various small amounts of sodium chloride and 
ammonium sulphate. 

" Agelutination-rate was measured by the time which elapsed after adding the ealt to be 
various solutions before particles appeared which were distinctly visible to the naked eye. 
The reciprocal of this time, in minutes, was taken as an index of the agglutination-rate. 
tion might be convenient for study. 

The results of four experiments with -01, 40, A and 8 , NaCl respectively are given | 
in Table IX, 
was added, for comparison. 

It is seen that concentrations of sodium chloride up to 1% are 
without much effect, but beyond this the rate of agglutination is 
progressively lowered by the addition of salt and the range of qcidity 
over which agglutination can take place is also curtailed (see Table IX, 
experiments with 2 and 5 % NaCl). The same results are graphically 
shown in the five curves of Fig. 2, where agglutination-rate is plotted 
against the amount of acetic acid added. These curves also show very 
well the effect of salt in necessitating the addition of more acid’ before 
the point of optimum ‘acidity for agglutination is reached, or, in other 
words, in indueing * in solutions otherwise too ‘acid for 


1. See cit. p. 419. 
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— concentration of NaCl was 


1 
AL 


| | = 


t 1°9 +¥ 
2-1 


— 1 

3 


2. tion of denaturated horse serum (5˙8 
Ordinates = tination- ured the 
of 8/100 aoti aid (or equivalent) in total volume of 8 ce 


* 
| 
— 

4 1 1 

— — 
Dy 
+ ¥ ‘ — 
8-85 — 
7 
4 0-85 
1.71 
os 
8 
E 
* 
$ 
2 — — ; i 

at 

— 0 ¢ 

* — 
* 
3 75 

~ 

* 

: 

* 
— 50 * 
— 

&: 
4 
ra 4 * 
& 
52 
8 
. 
ay. Pe 
oy 
2 
E * 
J 
2 


HEAT COAGULATION OF PROTEINS. 273 


In, Table X and Fig. 3 are given the results of similar experiments, 
showing effect of ammonium sulphate in concentrations of 1 and ‘5 %, 


respectively. The action of the salt is the same as that of sodium 


chloride except that the hindering effect upon agglutination is stronger, 


being already very well marked in a concentration of 1%. 


TABLE X. 5 6.0. of solution containing 5°3°/, horse-serum, dialysed, 


» diluted to 8 0.0. by addition of water, salt and acid. Temp. 37 C. 


reciprocal off,the — 
Amount 


1% (015 normal) — 


& 
13 
A 


0-10 


of best conditions. + to of solutions 
containing a — concentration of acid is also more, u d 


instance. 


were observation. 


where wee slow in beginising it wee willy 
also incomplete ; the solutions containing 5% sodium chloride or 


(b) 
investigating the effect of acid upon agglutination (see above, p. 265). 5 0. 0. denaturated — 
diluted (1 in 82) egg-white was further diluted to 8 0. 0. by addition of various amounts 
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‘similar setigs. were made. up containing in addition 1 and 2 NaCl as well ae the 

‘Predipitation ceouired slowly and completeness or otherwise of the agglutination was 


Fig. 3. Agglutination of denaturated horse serum (5 8 °/,) dialysed, en ; 


Am,80, to various concentrations, at 87°0. (See Table X.) 


of the ime, in minus, 


elapsing before the appearance of visible particles, 
Aboecissw = 0. 0. of N/100 acetic avid (or equivalent) in a total volume of 8 be. 


The addition of salt was found to assist agglutination and to very 


8 extend, on the acid side, the zone of acidity over which it was 0 


complete. In the absence of salt, it was found that complete agglutina- 
tion took place only in concentration of acetic acid lying between 1˙5 6.0. 
and 5 0 C. N/100 acetic:acid (or equivalent) in a total: volume of 8 C.. 
In presence of 1 / NaCl the zone of agglutination extended up to an 
addition of 3 c.c. N/10 acetic acid, and in the presence of 2°/, NaCl up 
to an addition of 16 c. c. 2 52 acetic acid 85 equivalent) i in the same total 

The addition of salts also. 8 agglutination of pure 
3 egg · albumen. A dialysed solution of crystals, containing 
1%, * will only ner completely on * 1 the reaction is 
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carefully adjusted (see Table II above). A 1°/, solution of undialysed 
crystals on the other. band prepared by the method of Hopkins and 
Pink us@) and containing 3 to 4% Am,SO, will coagulate perfectly on 
boiling over a wide range of acidity (hydrogen-ion concentration 10-*7 
normal to 10 Papers, 08, snd On, 
P 5) 
_ & dialysed solution of crystals in its natural reaction on dislysis (hydrogen - ion 
concentration equal to 10 normal) was diluted to form a series of solutions containing 
1% protein with various small concentrations of ammonium sulphate; these were then 
heated for 15 mins, on a water bath at 100°C. In the absence of salt a milky solution 
was obtained containing a partial coagulum. | 
Agelutination was rendered almost complete by 01 % ammonium sulphate. In 
presence of 1% ammonium sulphate complete precipitation took place and the 
The apparently opposite effect of salts upon the agglutination of egg- 
and serum-proteins respectively might conceivably have been due to 
some effect of salts in lowering surface tension at the interface of the 
colloidal particles and the liquid in the case of serum-protein, and raising | 
it in the case of egg-protein. We endeavoured to test this by seeing 
whether in the former instance we could obtain evidence of adsorption 
of salts by the colloid; we found no indication of adsorption in a 
case, 
It seemed likely, therefore, that some light would be thrown: upon 
the different effect of salts upon the agglutination of serum - and egg · 
proteins by a comparative study of a wider selection of electrolytes and 
the radicles of which they are composed. Hardy pointed out that 
a solution of denaturated egg-white offered a satisfactory analogy with 
certain inorganic colloidal solutions upon which the precipitating action 
of electrolytes had been more completely investigated. He showed that 
in acid solutions the protein particles carried a positive electric charge 
and were sensitive to the anion of the electrolyte added, precipitating 
power of which was determined by its valency. Similarly in alkaline 
solutions, where the protein particles are negatively electrified, they 
display great sensitiveness to the potency of the kation. 
_. "The experiments in Table XI are in confirmation of the above. * 5 
Diluted egg-white was filtered, heated to about 95° C. on a water bath, precipitated by 
-peidification, filtered, washed free of salts.and puddled up with: water to make 6 fine 
suspension which was at or near the iso-electric point. 5 o. o. of this protein suspension 


‘was diluted to 10 6.0. by addition of acid or alkali, salt solution eto., and the effect of 


and sodium sulphate. 
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TABLE XI. % ⁵— 
alkali, salt solution, etc. 


++ almost complete — =complete dispersion, opalescent 
agglutination. | | _ solution, 
No. NAWHO No No, of N/l00NsOH 
* (or added a tion of 
in in of 10 C. e. @ither. in ote: 
Salt term k — AW ~ ecidor 
normality 10 2. 1 025 alkali 
%%% L 
Na,80, 05 ++ ++ +++ + + + + — 


The general impression piven alt In the 
case of sodium salts, while the sulphate is much more effective than 
the chloride on the acid side, both salts exert only a slight effect upon the 
alkaline side which is equal in the two cases. When the action of the 
two chlorides is compared it is evident that the action of the barium 
salt greatly exceeds that of the sodium salt in causing — 
in the alkaline solution. 

Similar experiments with denaturated serum-proteins are given in 
Table XII. The material consisted of dialysed horse-serum which after 
diluting. and heating was still on the alkaline side of the iso-electric 
point. In low concentration the effect of salts is exactly analogous to 
that in the case of egg proteins, but in concentrations greater than 01 
normal, all the salts hindered agglutination. 

‘This difference in the action of electrolytes upon ee egg- 
and serum- proteins disappears when a trivalent anion, such as a citrate, 


is used. Sodium citrate in low concentration agglutinates particles of 


both proteins when they are dissolved in acid, and on further addition of 


the salt both are again dispersed. The salt was prepared 50 as to be 


absolutely neutral by titrating citric acid with standard sodium 
hydroxide, as otherwise the effect is ‘complicated by alteration of the 
reaction of the solution. 

For the experiment set out in Table XIII the material uae was 
a dilute solution of egg-white, boiled, dialysed and further diluted until 
its protein-content was equal to 1%. It was then rendered slightly 
acid so that the protein particles were dispersed. On addition of sodium 
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citrate, agglutination took place when the concentration of the salt was 
equal to 0006 normal, but on further addition of the salt, at a concentra- 
tion between 002 and 004 normal, the protein particles were again 
dispersed and, as was subsequently discovered, bore an electric charge 
opposite in sign to that originally carried. The concentrations of sodium 


a chloride and sodium sulphate necessary for agglutination was 10 and 


006 normal respectively. No upper limit for dispersion could be dis- 
covered in either case; agglutination remained perfect up to a con- 
centration where precipitation (salting out) of the protein began. 


TABLE XIII. A colloidal solution of denaturated egg-white containing 
0-114 °%, protein was obtained by dispersing the dialysed material y 
a@ minimal quantity of (a) acid and (b) alkali; 5 c.c. of the milky — 
solution diluted with water and salt solution to 10 C 


+ =complete agglutination ~ =dispersion. 
— 
Concen- sary to cause | Concen- Concentra- 
0% added normality — tination sion 0% added normality — — 9 
(a) Original material dispersed by acid. 0 Original material dispersed by alkali (cont.). 
06 — 057 CaCl, 01 — 
20 ** +}8 
057 La No, 00% ũ êH 
0002 +1 
08 + “001 + 
05 + ‘01 * 
5 +. 05 + 
057 — 
0006 + | 05 + 8 
8 2 + } 
002 + — 
004 10 | 
+006 ‘011 La(NO,), 0000 1 
(b) Original material dispersed by alkali. or : 
0567 NaCl “01 — | 005 + 
5 05 
10 1 + 


od Particles positively charged, H+ concenttation = 10-2” normal (2580 x 10-7 normal). 
+ Particles negatively charged, H+ concentration = 10~* normal (6°10 x 107 normal). 
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A similar phenomenon was noticed when salts containing multi- 
valent kations were added to alkaline solutions. A colloidal solution of 
denaturated egg-white in alkaline solution was agglutinated by calcium 
chloride in concentration of 02 normal; dispersion, however, again set in 
at 5 normal. Although lanthanum nitrate proved a powerful agglutinant, 


as would be expected from a salt of a trivalent metal, it did not cause 


e in the concentration e (see Table XIII). 


TABLE XIV. Horsesorum (a) Heated in solution containing 
17 gm. protein and 1 oc. N/100 NaOH per 100 oc. (5) Heated in 
solution containing ‘056 grm. protein and 7 7 c.c. /100 HCl per 100 0. c. 


tion of Concentration of of electric 
(a) ach 
0001 ++ 
90005 ++ 
001 
085 CaCl, 005 
02 
7 03 
* as 00 - 
025 0 
| 0 
Na, Oi 0001 + 
(>) Na,Cit 0008: 
001 
8 
005 
01 
028 Na, 901 
0⁰⁵ 8 + (slight) 
0¹ 
· 05 
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‘Some comparative experiments on the dispersing power of different 


salts upon denaturated serum · protein and its dependence upon valency _ 
are given in Table XIV. In the case of an acid dispersion the protein 5 
(028 ), was first thrown down, and again dispersed by Na, S0. in 


concentration of 01 and 05 normal respectively. In the case of sodium 
citrate the corresponding strengths were reduced to 0008 and 01 
normal. A similar effect was shown by salts containing divalent and 


trivalent kations upon alkaline dispersions of the same protein, which | 
was dissolved by CaCl, and La(NO,), in the low concentrations of 02 
and 002 normal respectively. : 


The difference in effect of electrolytes upon denaturated serum- and 
egg proteins both in acid and alkaline solutions is therefore one of 


degree only. For the agglutination of both there is an optimum con- 


centration of electrolytes which diminishes as valency rises. Any excess 
beyond this optimum hinders agglutination and in some cases again 


disperses the protein. In the case of denaturated serum-proteins the | 


particles are easily dispersed by excess of electrolytes but with egg- 


_ albumen this occurred only under the influence of multivalent ions. 
Hopkins and Savoryen were evidently dealing with a similar set of 
phenomena in their work on Bence-Jones protein. They attributed the 

instability of the heat-coagulum to an extreme sensitiveness to the 

presence of electrolytes, the “solvent” action of which was 8 3 


marked when they consisted of multivalent i ions. 


Relation of the influence of salts . Se 
hydrogen · ion concentration, Hardy and Pauli and Handovsky« 
arrived at the conclusion that the hydrogen-ion concentration of acid 
solutions of protein was diminished by the addition of neutral salts. 


This conclusion was based on experiments made with indicators, a 


method which has since been proved to be untrustworthy in the 
presence of proteins and salts (Michaelis and Rona, Sörensen). 


In our previous papers (14) and d we have described experiments con- 


firming the observations of these authors, but showing that when acidity 
is determined electrically, salts reduced the hydrogen-ion concentra- _ 


tion of protein solutions containing a small amount of acid. Further 


data we have obtained have shown the degree to which this occurs 


to be dependent upon the valency of the anion. 
We have since discovered that there is a parallel action of electrolytes 


in reducing hydroxyl-ions in alkaline solutions. The experiments were 


made in solutions containing approximately 1% pure egg-albumen 
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crystals, dialysed. The salts employed were NaCl, Na,SO, and CaCl,,. 

in concentrations varying from 04 to 13 normal. The results are given 
in Table XV below and show that the effect is to be attributed mainly 

to the . of the salt and to be much increased with rising valency. 


“neutral salts to alkaline protein g solutions. 
1% solution, pure crystalline egg-albumen. 

of salt, in terms tion of hydroxyl ion, 

Salt added of normality terme of normality in terms of normality 
(013 x 10-7 normal) (56 10-7 normal) 
(088x10- norma) (9 normal) 

“18 10 normal= 10-** normal 
(065 x 107 normal) (11 x 107 normal) 

85 0⁵ 1077-7 normal- 10. normal 

4 (185 x 10-7 normal) (5°3 x 10-7 normal) 
„ Dissociation constant of water being taken as (see p. 161). 


The alteration of the reaction of protein-containing solutions by 
neutral salts is possibly brought about in two ways. The same pheno- 
menon occurs! in the case of an amino-acid such as glycocol, where 

the addition of salt reduces the acidity of a solution containing dilute 
hydrochloric acid. In this case there is chemical combination between 
the amino-acid and the salt and definite crystalline compounds have 
been prepared. Reasoning from analogy, some part of the action 
= described above may therefore be due to decreased hydrolysis of 
3 the protein-atid salt or protein-alkali salt, as the case may be, under 
& the influence of a similar chemical union between the protein and the 
electrolyte, The enhanced effect of salts with di- and trivalent ions is, 
however, not explained on such an hypothesis. 
From analogy with the observations of Whitney and Obere, which 
are referred to on p. 284 below, we are inclined to regard the effect of 
salts upon hydrogen-ion concentration as the result of selective adsorp- 
tion of ions by the colloid, the attraction being for that ion bearing a 
charge of opposite sign. For an adequate explanation of the whole 


process it would be necessary first of all to possess some knowledge of 


he 1 Our colleague Dr Atkin kindly determined the hydrogen-ion concentration of 
solutions of glycocol and small quantities of HCl with and without the addition of NaCl. 
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the cause of the charge originally carried by the colloidal particles. 
This is still obscure in the case of inorganic colloids, and although the 
amphoteric nature of the molecule offers a plausible explanation of 
the initial charge carried by the protein, it is of no help in explaining the 
influence of electrolytes upon either the reaction of the solution or the 
agglutination of the particles. | 
The question arises as to how far the action of electrolytes: in 
_ favouring or hindering agglutination, which has been described in the 
preceding section, may be explained by their effect un reaction. It is 
evident that a solution, the hydrogen-ion concentration of which is 
slightly greater or slightly less than that requisite for complete pre- 
cipitation of the denaturated protein present, may, by the addition of 
a neutral salt, become adjusted to the degree of acidity appropriate for 
agglutination. Accordingly a set of experiments similar to those already 
described above were carried out, with solutions of denaturated egg- 
and serum- proteins, and the hydrogen-ion concentration was directly 
measured both before and after addition of the various salts. 


The hydrogen-ion determinations were made as described in our previous paper (% 
except that in the later experiments we abandoned the convenient device of connecting 


the two hydrogen cells by means of tubes plugged with filter papers and substituted 


capillary tubes of 1 mm. bore instead. Mr W. B. Hardy suggested to us that such a 
method, when dealing with charged colloidal particles, was open to objection, and a series 
of experiments made to investigate the matter showed that in the case of protein solutions 
a slight error was introduced. We are, however, satisfied that the magnitude of any error 
due to this practice is not such as to materially affect our previously published results. 
Egg-white. The results of a set of experiments with denaturated 
egg-white are set out in Table XVI. The material was exactly similar 
to that employed above (Table XI) and was at or near the iso- electric 
point. In the absence of salts the agglutination-zone was found to be 
at a concentration of hydrogen-ions between 3 and 900 x 10 normal. 
Addition of Na,SO, to a concentration of 005 and 05 normal extended 
the range on the acid side to a hydrogen-ion concentration of 1400 and 
20,000 x 107 normal respectively. At the same time the presence 
of the salt greatly reduced the hydrogen-ion concentration from what it 
would have been in its absence. Similarly, addition of barium chloride 
to a concentration of 005 normal lowered the concentration of hydroxyl- 
ions and increased the range of agglutination on the alkaline side of = 
iso-electric point. 
Horse-serum. The action of sodium sulphate in reducing hydrogen- 
ion concentration in solutions containing particles of denaturated serum- 
protein is similar to what occurs in the case of egg-proteins and, when 
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1 2 ated by addition of acid and washed free of salts, puddled up with water 
to make a fine suspension ; 5 c. of the suspension diluted to 10 c.c. by 


a 
il i 


— 


N/100 
of 10 c.c. 


104 normal 
(28:9 x 10-7 normal) 
10 normal Almost 
1984 10-7 normal) agglutinated. 


10 normal 

(5190 x 10-7 normal) 

1˙0 — 10 normal 
(6460 x 10-7 normal) | 


10 normal 
786 „ 107 normal) 
a 1¹ 3 07 — 10 normal Almost completely 


o 
| 


8 


(1°6 x 10% normal) agglutinated. 
10. normal 
(3°4 x 10-7 normal) 


present in low concentration, agglutination may be assisted in acid 
solution, see Exp. 8, Table XVII. On the other hand, when this salt is 
present to the extent of 05 normal, agglutination is prevented even 
when the hydrogen - ion concentration 
tion, see Exp. 11, Table XVII. 
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Whatever may be the nature of the process involved in the 
phenomenon, it is clear that the change in reaction of protein solutions 


caused by electrolytes is inadequate to explain the influence of the latter 5 


upon agglutination. | 
f The interpretation of the action of electrolytes in agglutinating and 


dispersing protein particles. At first sight it appears puzzling that a 


colloidal solution of denaturated protein should be destroyed by a certain 
concentration of an electrolyte and that solution should again take piso | 


TABLE XVII Dialysed horee-serwm, diluted 1 in 10, heated to about 


alkali, water, salt solution. 


solutions by electrolytes is apparently due to their discharge following the 


charge opposite in sign to their own. Linder and Picton un found that 
when the negatively charged particles of arsenic trisulphide were thrown 
out of their colloidal solution by the addition of barium chloride, barium 
was present in the sulphide precipitate, Whitney and Ober en confirmed 
the observation of Linder and Picton and showed that an exactly 


95° C. 5 cc. milky fluid diluted to 10 cc. by addition of acid or 


_Exp. | termsofnormality | agglutination 
0 10-7 normal Dispersed. 

(88 x 10-7 normal) 

2 — — 10. normal 

(4°35 x 10-7 normal) 

„ normal Complete agglu- 
| (8-22 x 10-7 normal) tination. 
| (30-7 x 10-7 normal) 

5 wits 0˙85 normal Dispersed. 

(287 x 107 normal) 

6 — — 19 100 normal. ” 

(803 x 10-7 normal) 

10 105. normal Complete agglu- 
10% normal Dispersed. 

(3 ˙81 x 10-7 normal) 

11 10 105.1 normal is 

(30°6 x 10-7 normal) 


on further addition of the same salt. Precipitation of inorganic colloidal — 


adsorption on the particles of that ion of the electrolyte which bears a 
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equivalent amount of chlorine remained behind in the solution as free 
acid so that the reaction of the solution was materially altered. Lewis @s) 
obtained evidence indicating that, in the case of an emulsion of petroleum 
oil precipitated with barium chloride, barium was adsorbed on the 
particles of oil in excess of chlorine. In all these cases agglutination is 
associated with discharge of the particles. 
I the adsorption of ions were to continue in excess of the amount 
required to discharge the particles, they would take on the opposite 
charge with the corresponding lowering of surface action. The particles 
would then again repel one another and dispersion would ensue. This 
has actually been shown to occur by Burton d, who found that colloidal 
copper particles, which carry a positive charge, will migrate to the anode 
after addition of excess of potassium phosphate to the solution. Reasoning 
from this analogy, the explanation, for example, of the behaviour of egg- 
white proteins towards sodium citrate in acid solution, would be that the 
negatively charged anions when present in minimal concentration are 
able to discharge the positive charge carried by the protein particles; 
if, however, the concentration of the citrate is increased, the transaction 
is overdone owing to the powerful charge carried by the trivalent anion, 
. and the protein, first becoming discharged, is afterwards re- charged with 2 
a2 uign opposite to that originally held. The difference between 
denaturated serum- and egg- proteins then becomes one of degree and 
not of kind. Dispersed particles of the latter are readily discharged but 
with difficulty overcharged ; in the case of the former the tendency to 
become overcharged is so great that electrically neutral particles are 
obtained with difficulty if electrolytes are present in more than minimal 
concentration, especially when these are composed of multivalent ions. 
The colloidal particles of proteins would seem to be extraordinarily 
sensitive to this action of electrolytes and to display a quite peculiar 
5 tendency to adsorb ions. To test this hypothesis it was necessary to 
compare the sign of the electrie charge on protein particles before and 
_ after dispersion by salts. The direction of migration in an electric field 
was observed under a microscope with a dark ground illumination. For 
this purpose the degree of dispersion must not be too great or the 
particles become, invisible with the ultra-microscope. The liquid 
was placed in a shallow glass cell built upon a microscope slide 
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* 1 The observations of Mines cc are also of the same order; he has shown that the 
a red blood-cells of Scyllium canicula are clumped by low concentrations of cerium chloride 
1 and again dispersed when the concentration of the salt is raised, the cells — an 
oe electric charge of reverse sign to that originally carried. 
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(Fig, 4). The sides of the cell were formed by two slips of oover- 


glass 3 mm. in thickness cemented upon the slide with balsam. 


The ends of the cells were composed of two pieces of platinum, of the 
same thickness, similarly cemented on to the slide. The roof of the cell 
was formed by a thick cover-glass. One of the pieces of platinum was a 


little shorter than the other so as to permit of a small exit channel for 
the excess of liquid when the cover-glass was placed in position. To 


each of the pieces of platinum foil a spiral of platinum wire was welded 


Fig. 4. 
a which served to convey the current from the accumulators The 
electrodes were 2 cm. apart and the difference of potential employed 

| was 8 volts, In using the method, in order to avoid the disturbing | 
effects of electrolysis it is essential that the circuit be only momentarily 


closed whilst making the observations. The current is then reversed 


and the observation repeated. If it is desired to measure the velocity — 


of movement this can be done by the aid of an ocular micrometer 
previously standardised for the particular optical combination used. 


The dispersion must be a very dilute one or too many particles will be 


present. 
In using this method the particles observed must be situated some 


distance from the surface of the glass cover or slide, as in the neighbour- 


hood of the glass the liquid moves under the influence of electric 


endosmose and of course carries the particles with it. With the electric _ 


field we employed, 4 volts per cm., this effect was confined to a depth of 
‘05 mm. from either surface. Another limitation of the method is that 
if the concentration of electrolyte is above a certain limit, gas bubbles 
arise at the electrodes and cause movements of the particles. The range 
of concentration of electrolyte with which it is possible to work without 
formation of gas is considerably extended by covering the electrode with 
platinum black. 
In the case of serum, it is seen from Table XIV that dispersion caused 
by sodium citrate and sodium sulphate in acid solution was accompanied 


by a change of sign in the charge carried by the protein particles from | 
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positive to negative. That this effect is not dependent upon reduction 


in hydrogen ion concentration is seen in Table XVIII, where particles 


of denaturated serum-protein dispersed by Na,SO, carry a negative 
cee in a solution which is acid of the iso-electric point. 
In alkaline solution the dispersed particles with their — charge were 


: agglutinated and afterwards dispersed by CaCl, and La(NO,), but the 


possession of a + charge was only demonstrated in the case of the latter 


salt. The colloidal solution with CaCl, is difficult to explain as we were 


not able to demonstrate the existence of any charge on the. dispersed 
particles (see Table XIV). The solution of denaturated egg-white by 


CaCl, solution is also anomalous, seeing that no dispersion was obtained 


TABLE XVIIL. Influence of Na,SO, upon the charge carried by and 


agglutination of particles of denaturated serum-protein and upon the 
hydrogen-ion concentration of the solution. 


Exp. 
1 — 

2 — 

4 

5 — 

6 Na,80, 


07 


N/100 HCI 
added, (or 

terms in 
vol. of 10 e. e. 


70 


terms of 


(8°77 x 10-7 


normal 
(310 „10 normal) 


108-2 normal 


65750 x 10 ⁷ normal) 


19 


normal 
(352 x 10-7 normal) 


10% normal 


(970 * 107 normal) 


10-** normal i... 
 (&86x10-7 normal) - 


++ : 


agglutination — 


‘Partial uti- 
Almost com 


agglutina 


Complete agglu- 


tination. 


Dispersed. 


with La(NO,), which 8 all analogy should have had a more powerful 
‘effect. In the case of the dispersion by CaCl, the concentration of 
electrolyte required was too great to make any satisfactory observations 


upon the charge carried. A change of sign in the latter was however 


demonstrated in the case of egg-white and sodium citrate. The particles 
were previously dispersed in acid solution with a positive charge, and on 
addition of sodium citrate were at first precipitated. With higher 


hones a negative charge (see Table XIII). 

We have not been able to determine wherein lies the cause of 5 
extra tendency to overcharge in the case of serum- proteins. It is 
conceivable that the charge carried by the particles may be small in 


concentration of the salt the particles were again dispersed, this time 
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amount and easily overbalanced or it need only be very small in order a ö 

to keep the particles dispersed from one another. On the other hand. 
serum-proteins may be able to adsorb ions more readily than saa sinned ay 


The sensitiveness of agglutination to minute variations in reaction 
and salt-content explains why it is so difficult to entirely separate serum- 
i protein by heating the solution. It is practically impossible to perfectly 
| a adjust the reaction so that the whole of the protein is precipitated. — 
— The finding of more or less non-coagulated protein serum by Chabriéon, = 
and is no doubt to be in ‘thls way. 


* 


00 Influence of temperature. 


(a) Horse-serum. The same solution of denaturated serum was Ae 

used as in the experiments made to investigate the effect of salts given 

in Tables IX and X. 7 | 

: Convenient material for study, i.e. one which failed to agglutinate at 
laboratory temperatures and did so at a suitable rate for study at higher 
temperatures, was the following: a 3˙3% suspension of denaturated 
horse-serum, dialysed, containing in 100 c.. 37 cc. N/10 acetic acid 

and 1 gram NaCl i in Exp. 1, and 44 cc. N/10 acetic acid and 5 grm. 
Am, S0. in Exp. 2. Tubes containing these mixtures were placed in 
thermostats at different constant temperatures and agglutination-rate was 

measured by observing the time which elapsed before visible particles 


— — 


The results of Exps, 1 and 2, set forth in Tables XIX and XX, show 
that there is a critical temperature below which agglutination either 
does not take place at all or so slowly as to be negligible for our purpose. 
Immediately above this point, temperature exerts a very great effect on 
agglutination-rate ; on raising the temperature still further the influence — 
of a definite rise in temperature becomes gradually less and less until, 
at temperatures far removed (30°-40° C.) from the critical temperature, 
the effect becomes consistent, and the temperature coefficient of agglu- 
tination settles down to a value of about 2°5 per 10°C. rise of 
temperature. This is shown graphically in Fig. 5, where logarithms? of 
agglutination-rate (as measured by the reciprocals of the time, in minutes, 
before visible particles could be detected) are plotted against temperature. 
In the neighbourhood of the critical temperature the curves (a) Exp. 1 


i Logarithms are plotted, as the effect in the region of the critical point is so enormous . 
that the numbers themselves could only have been set out on a very small scale. 
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and (b) Exp. 2, rise steeply ; above temperatures of about 60° C. in either 
case the curves tend to form straight lines, showing that the effect of 
temperature at this point is becoming consistent. 
s there is no reason to suppose that temperature would greatly 
modify either the surface tension between particles and fluid or the 
charge ou the particles, we suggest the following explanation to account 
these The — which about is 


© 
3} 
1 2 
x 50 * 50 x0 100 
| Fig. 5. Effect of temperature upon agglutination of ” diluted serum 
(a) 1-0 rm. Nadi and 3·7 o.c. N/10 acetic acid in 100 0. o. 
grm. Amz 80, and 4-4 0.0. N/10 acetic acid in 100 0. o. 


(agglutination-rate x 100. See Tables XIX and XX. 
perature, degrees Centigrade. 


as ae until the particles come nearly into e They a are 
* brought into the necessary close relationship with one another by their 
own movement or the movement of the fluid, the former, or Brownian 
movement, being the more important in the case of very fine particles. 

If the particles carry an electric charge, their velocity of movement will 

be diminished as soon as they are brought within the range of the 
electrical repulsion, and unless the momentum is adequate to counteract 
* this repulsion, the particles will never arrive sufficiently close to one 
another for the effect of surtace energy to be manifested. On this view 
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dialysed, containing in addition 37 c.c. 
and NaCl to a concentration of 1%, P 
alter Agetutination- in agglutina- 33 
81 9066 1-54 20 
TABLE XX. Fup. 2. A suepension of denatwrated diluted serum, 3-8 % j 


and Am, 80, to a concentration of 5 %,. 
| Time elapsing, after Agglutination- Increase in 
87 >860 and <1020 
40 67 0°015 25 
43 14 0»071 
50 42 0-23 
60 0°58 172 
70 0°25 } 
| 80 0-125 8-00 eee eee ‘ 
there exists a “critical velocity” necessary for agglutination and, as the 4 


velocity of the particles is a function of temperature, an explanation is 

afforded of the observed critical temperature below which agglutination 
does not occur. 

We interpret the high 8 coefficient just above the critical 

temperature and the subsequent falling off of the temperature effect as 

follows: At any given temperature we assume the degree of intrinsic 3 

2 energy possessed by the protein particles to be distributed among them 

in the manner illustrated in Fig. 6, which represents the normal | 

frequency curve: Suppose the curve J to express the distribution of 

momentum among the particles at temperature ti; if A and B indicate 

any two values of this intrinsic energy, the volume of the rectangle 

Aa bB, compared with the volume included between the curve and the 


base line, represents the proportion of particles possessing a kinetic 
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energy which is greater than A and less than B. If now O represents 


the critical momentum which gives rise to a velocity sufficient to 
overcome the existing forces of repulsion between particles, it is seen 
that at temperature ti the material in question will contain practically 


no particles possessing the required critical velocity. Agglutination, . 
therefore, will only occur with extreme slowness. 


As the temperature is raised and the mean value of the particular 


energy is consistently increased, the distribution curve, while maintaining 


the same form, will be moved as a whole towards the right. Suppose 


curve II is the frequency curve at a higher temperature t.. At this 
temperature the number of particles, V. which possess more than the 


critical velocity, represented by the volume CoD, will be 1 


and will now to be 


Fig. 6. Iustrating the distibation of kinetic energy among protein particles in colloidal 


solution at different temperatures. 


Ordinates= distribution of particles possessing kinetic energy corresponding to abscisss, 


A further rise in temperature from this point onwards will cause a 
disproportionate increase in the value of N, for while with small difference 
in temperature, the curve as a whole may be displaced only a short 


| distance to the right, the area CoD, which represents the value of WN, 
will be relatively much increased. In the range of temperature 


immediately above the critical point the effect of temperature will 


therefore appear to be greatly enhanced. 


At higher temperatures still, where the crest of the frequency curve 
has reached a point to the right of O, an increasing majority of the 


particles will possess. more than the critical momentum, until, at 
temperatures at which all the particles possess a velocity greater 


than the “critical velocity,” the effect of temperature will merely 
increase the mean value of the momentum of the — and ml 
settle down to the N value. 
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Tur SUPPOSED CONVERSION OF ALBUMEN INTO GLOBULIN BY 
HEATING IN SLIGHTLY ALKALINE SOLUTION. es 


We have already mentioned (p. 262) the conclusion of Starke ie 


viz. that on heating a solution of egg-albumen in its natural slightly 
alkaline reaction, the whole of the albumen was converted into globulin. 
Moll arrived at a similar conclusion from his experiments with serum- 


albumen and showed that the precipitability of serum by means of 


Am,SO, became altered, inasmuch as the euglobulin and pseudoglobulin 
fractions (Pick) were increased at the expense of the albumen. Starke 


based his interpretation upon the facts that egg-albumen so treated was 


precipitated by dialysis, by dilution and by acidification, and could be 
dissolved readily by slight excess of acid or alkali. It could be salted out 


by saturation with sodium chloride, potassium chloride or magnesium 


sulphate and, like globulin, contained less sulphur than the original 
albumen. Starke regarded the material as distinct from denaturated ” 
albumen because on heating a suspension of his supposed globulin in 
the presence of salts (NaCl, CaCl, or MgSO,) it underwent “heat 
coagulation and became converted into a firm and coherent clot which, 
in contradistinction to his manufactured globulin, he found to be insoluble 
in 05 % sodium carbonate or in weak acid. 

The observations of Starke and Moll amount to this. If a ation 


of albumen be heated to 60°-85° C. in presence of a small concentration 


of alkali, the albumen is changed into a body possessing the solubilities ” 
and some other properties of globulin. This body is precipitated from 


the solution by adjusting the reaction so as to be slightly acid (iso- 


electric point). On heating a similar solution of albumen rendered just 


acid a coherent precipitate is obtained which appears to be insoluble in 
water and dilute acids or alkali. The difference depends upon whether 


the reaction be made acid before or after heating. There is no doubt 
about the accuracy of the observations, but we do not believe the facts 
warrant the interpretation put upon them by these authors. The 
difference in the ease with which the two precipitates can be dissolved 
(or, more correctly, dispersed) by acids and alkali is, we believe, bound up 
with the different degree of aggregation of the particles in the two 
precipitates, and we see no reason to suppose that Starke’s “ globulin ” 


is other than “heat-denaturated” albumen. We find that the fim 
coherent precipitate of egg-albumen or serum-albumen formed by boiling _ 


in acid solution can be — * although slowly by alkali 
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haas gone before it is clear that the dispersion of denaturated albumen 


| * at great mechanical disadvantage. 


electric charge given to the particles. If this electric charge is 


agglutination occurs. 
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or acid, the amount required depending on the concentration of the 
protein (/ 100th normal alkali for a concentration of 5 / protein), if 
the particles are first mechanically separated, and a few. days allowed for 
the process to take place. 


It seems to be merely the differing degree of cohesion of the particles 
which determines the different solubility of the material. From what 


depends upon the possession of ab electric charge, whence it follows that 


the difficulty in dispersing the particles of a eurdy, — — & 
is to of — 


Fig. J. 


A and B, Fig. 7, represent the 38 in a ae of 11 
3 and coherent cheesy precipitate of denaturated protein 
respectively, as seen under the ultra- microscope. We suggest that the 
reason A disperses readily and B only slowly on addition of weak acid 
or alkali is that, in the former case, the charge i is situated on the surface 
of the nearly discrete particles, whereas in the latter case the coherent. : 

te is charged as a whole. In A a small charge i is sufficient to 
— particles asunder, whereas in B any disruptive action or effect 
on surface tension is limited to the superficial particles, and even here 


SUMMARY. 


As shown by Hardy Michaelis and of 
denaturated protein by small amounts of acid or alkali is due to the 


neutralised, and the become iso-electric the 


2. In common with other observers, we ‘find that reaction of sic 


solution is the principal factor in determining the 1 8 of ä 
of denaturated proteins. 
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3. The. optimum acidity for precipitation in, absence of electrolytes: 


| 5 found to be at a concentration of hydrogen-ions equal to about 
3 * 10 normal in case of the denaturated protein of both serum and 


egg white, thus confirming the figure obtained by eee and Rona 
for the ĩso- electric point of serum-albumen. 


4 Agglutination is greatly influenced by the. Presence of neutral 


salts. Their action is twofold: 


: (a) Alteration of the reaction. of. protein-containing . 
The concentration of hydrogen-ions is lowered i in acid solution and that 


of hydroxyl-ions in alkaline solution. 


) Neutralisation or increase of the Bt charge carried i 
the protein particles, according as the charge on the protein is of 


opposite or similar sign to that carried by the more potent ion of the salt. 


5. In case of egg-white, agglutination of the denaturated protein is 
assisted by the addition of electrolytes and the range of hydrogen-ion 


concentration over which agglutination occurs is extended. 

6. In the case of serum-proteins a similar result is obtained only 
when salts are present in very low concentration; in presence of more 
concentrated electrolytes agglutination is hindered if not altogether 
prevented. 


7. The cause of dispersion by salts appears to be the adsorption of 


ions by the denaturated particles of protein. If the charge of the more 
potent ion is of opposite sign to their own charge they will after 


being first discharged, become re-charged with a sign opposite to that 


they originally carried. The effect is increased with higher valency, 
Denaturated serum-protein is easily dispersed by electrolytes but 
with egg-albumen dispersion accompanied by reversal of N was 
detected only after the addition of sodium citrate, 
In the case of dispersion by divalent kations such as Ca++ we were 


not able to demonstrate the existence of any charge on the dispersed — 


particles. 
8. For every solution containing denaturated protein there is a 


critical temperature depending on the reaction and on the eoncentration — 
of protein and electrolytes, below which agglutination does not take place. 
9. Immediately above this critical point, rise of temperature has at 


fire a very marked effect in enhancing the rate of agglutination ; this 


influence, however, becomes less and less, until at temperatures far 


removed from the critical temperature, the effect is consistent, agglu- 
tination-rate being increased about 2-5- fold per rise of 10°C. - An 
is 
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10. No support ig found for the conclusion both of Starke and 
Moll that albumen, when heated in alkaline solution, is converted into 
globulin; between (a) the dispersed protein, and (b) the coherent 
precipitate obtained on heating in alkaline and faintly acid solutions 
respectively, there appears to be no difference which cannot be accounted 
for by the different state of aggregation. Reasons are adduced for 
regarding the substance studied by these observers as merely heat- 
denaturated protein, obtained i in a loose state of ie ths: * = 
method * 
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THE GASEOUS METABOLISM OF THE LIVER. . 
: PART I. IN FASTING AND LATE DIGESTION. 
Br J. BARCROFT ann L. E. SHORE. 


(From the Physiological Laboratory, Cambridge.) 


To determine the gaseous exchange of the liver the total blood 1 

supply of the liver must be estimated. We have determined the rate 3 

of flow to the liver by the portal vein and the rate of flow from the liver 

by the hepatic vein. We have taken the arterial supply to be 20 

difference between the two. 

The oxygen used by the liver has been estimated in two ways. 

( 1) In the majority of experiments the following was the procedure. 

Let the observed difference in oxygen content of 1 c.c. of blood from the 
portal vein and hepatic artery be A and that between the hepatic vein 

and hepatic artery B, and the ratio of flow in c.c. ~ minute _— the 

portal vein r and the hepatic vein R. 


: The oxygen used by the liver L is 

L=(BxR)- (Axr). 

: (2) In the minority of experiments—let the ere difference 
between the oxygen content of the blood in the portal and * veins 
be O, the other quantities involved being as above, 

L=Bx(R-—r)+(Cxr). 

In some of the experiments the blood of the N vein was out off 
from the liver and diverted into the jugular or brachial vein and the 
oxygen taken up by the liver determined by the differential analysis « 0 
hepatic vein blood against arterial, 

Cats were used in the experiments. They were anwsthetised with 
chloroform followed by A. C. E. mixture and urethane. The blood-pressure 
was recorded from one carotid artery, and arterial blood was drawu from 
one femoral artery which was tied. Hirudin solution was put in the 
cannulas inserted into the various veins and hirudin injected into 
the circulation just before the diversion of the inferior vena cava Deo, 
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as mentioned below. With regard to hirudin injection an interesting 
point was observed. It is well known that the injection of hirudin into 
a systemic vein caused a fall of blood-pressure and, if the injection is 
at all rapid, a temporary stopping of respiration. These effects are 
almost entirely absent if the hirudin is injected into the portal vein, 
there is little or no fall of blood-pressure and no cessation of respiration. 
After the discovery of this fact, we invariably injected the hirudin into 
the portal vein. In one or two of the later experiments it was found 
possible to collect the necessary samples of blood ae the ee 
| ol hirudin at all. 
In determining the rate of blood flow the seine frequently used 
a by one of us was employed, the blood being allowed to flow along a 
horizontal glass tube of 5 c.c. capacity and the time it takes to fill each 
0.0. of the tube being signalled by hand on to a tracing with n 
record of fifths of a second. 

‘ The collection of portal vein blood. In order to collect a sample of 
1 portal blood without disturbing the supply of portal blood to the liver 
| until the moment when the collection is made, a cannula is tied into one 

of the last veins opening into the main portal vein. The last contributing 
vein, the gastro-duodenalis, is generally too small or too much divided 
to be convenient, so we have used the next distal vein, which is mainly 
splenic but receives blood also from the pancreas and stomach. This 
@ vein is ligatured and a cannula tied into it, directed towards and close 
: to the portal vein. The vein can be rgached with very little disturbance 
by raising the lobes of the liver and gently drawing the duodenum — 
to the left. Ligature of the vein does not cause the spleen to distend 
as there is abundant collateral circulation. These collateral veins can 
be easily seen, and that they afford a ready path for the splenic blood 

was shown by injection after death. 
It is very important that the sample of portal vein blood should Ke 3 
collected at the pressure existing at the time in the portal vein and 
this is secured in the following way. A rubber tube connects the 
cannula to a graduated glass tube held horizontally in a screw clamp by 
which it can be raised and lowered. When the blood is to be collected 
it is allowed to flow into the rubber tube and the horizontal glass tube 
is lowered until the blood just rises to its proximal end, where it 
fluctuates slightly with the variations of the portal pressure. On 
ö occluding now the portal vein close to the liver, the blood flows along 
9 the horizontal tube at portal pressure, and the rate of flow of 4 or 5c.c. 
5 is determined. For occluding the portal vein a thread is placed under 
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it close to the liver, care being taken that the thread does not include 
nerves or lymphatics. With this thread in the hand the vein is nipped 
with rubber covered forceps without pinching other structures and 


- without any pressure on the liver or portal viscera. About 2c.c. of the : 
blood is retained for the oxygen determination the rest being returned 


at oncé into the portal vein. The time required ſor collecting a sample 
of blood and determining its rate of flow is five to ten ns 80 N 
the portal blood is cut off from the liver for that time. 

Ne collection of hepatic vein blood. The whole of the blood of the 
5 i vena cava below the liver is diverted into. the jugular or 


brachial vein in the following manner. For tying the inferior vena 


cava a thread was placed under the vena cava above the right suprarenal 


vein which is the last vein discharging into it below the liver. When — 
the right suprarenal vein was unusually high, it was ligatured off, and 
the thread placed under the inferior vena cava just below it. In the 


earliest experiments a T cannula for diverting the blood was then put 
into the inferior vena cava below the renal veins but the method was 
abandoned as the necessary clamping of the vein while the T cannula 
was being inserted caused a large fall in general blood-pressure. In the 
next series of experiments the right renal vein was used for diverting 


the blood to the brachial or jugular, and the flow in the inferior vena — 


cava was not interfered with until the diversion was made. In some of 


the experiments however the flow to the jugular was unsatisfactory and 
the general blood-pressure gradually fell. We therefore decided to put 


a large-mouthed cannula into the inferior vena cava by way of the 


femoral vein. The right femoral vein was cleared for about 2 ems. above 
Poupart’s ligament, a cannula pushed up the vein 5 or 6 cm. and tied in. 


The mouth of the cannula then lies in the inferior vena cava 3 to 4 cm. 


below the right renal vein. There was no arrest of the inferior vena 


cava blood during the manipulation and after the vein is tied below the 


liver there is a much better flow of. blood to the jugular than when the 
renal vein was used. A further advantage of this last method was that a 
smaller abdominal incision, only large enough to get at the large vessels 


near the liver, suffices the. larger the intestines was not 


uncovered at all. | 
After the inferior vena cava blood is 3 a cannula. 3 
upwards is tied into the upper end of the vena cava just below the liver. 


When the inferior vena cava is clamped just above the liver this 


cannula will deliver hepatic vein blood only. In Exps. 1 to 7 a thread 
was placed under the vena cava between the liver and the diaphragm 
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anid lo enough to exclude the small phrenic vein, but this ‘entails a 


good deal of handling of the liver, and we considered it better to avoid 
this and to neglect, for the present, the small amount of blood of the 
phrenic vein: by leaving the liver quite undisturbed and clamping the 
inferior vena cava in the thorax immediately above the diaphragm. 
So that when the hepatic.vein blood was collected in the later experi- 


mentis the thorax was opened on the right side and artificial respifation | 


put on, and continued until the end of the experiment. | 

Table I. gives the rate of flow of blood in the blood We of the 
liver in six experiments with fasting animals. Table II gives the rate 
of flow of blood in the of in 


| 


TABLE I. ating. 26 without food 


Rate of of Carotidb.-p. when Carotid b.-p, when 
2 24˙0 20˙7 
150 5-4 70 80 
19˙8 16˙2 8 ·1 66 82 
5 36-0 28-6 7˙4 110 126. 
6 45-0 20-0. 25-0 66 80 

36-0 160 90 80 
TABLE II. Animale fed 18 hours after food. 
88-8 92-0 11:3 86 82 
9 20°3 40 
40-0 24-0 1.860 60 42 
11 %% 25 ·0 96 80 
2 160 88 410 


The fasting cats had received no food the day before the experinient. 


| The fed cats were given milk and meat the day before the experiment 


the last meal being about 6 o'clock in the evening and the experi- 
ment was performed about midday, that is about 18 hours after. This 


considerable interval after food perhaps accounts for the fact that only 


à slight increase in the portal vein flow was observed, while the decided 
increase in the arterial supply to increase in 80 
metabolism of the live. 

It will be seen from the ‘ables: that the 38 of blood 3 the 
liver is greater in the fed than in the fasting animals and that the 
increase is chiefly arterial. We do not consider the figures in the two 
series are. quite ä since in the experiments with the fed 


2 
| 
, 
. 
a 
x 
& 
a 
— 
7 
> 
* 
“a 
a 2 
& 
a 
a 
10 * — 
* 
a 
wd 
f 
<A 
9 
1 
. 
5 
4% 
aa 
4 
‘4 
a * 
* 
ry * 
p 
19 
¥ 
q * 


034 and 029 cc. per gram per min,, figures which differ from one 
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animals the larger flow in the hepatic vein may be due to nipping the 


inferior vena cava in the thorax, instead of below the diaphragm. In 
Exp. 8 of the fed series the two methods were tried and nipping in the 
thorax gave a flow of 33°3c.c. per min. against 30 when nipped below 
the diaphragm. It will be seen from the tables that the rate of flow 
does not vary with the arterial blood-pressurd. © 

Our results give a lower rate of flow than was obtained with a 
recording stromuhr by Burton-O pitz in dogs in the hepatic artery and 
portal vein and by Schmid in cats in the portal vein. In these 


experiments it may be remarked that the portal vein was clamped for 


about ten minutes while the connections weré made to the stromuhr, 


and although the flow was not actually recorded until a few seconds 


after the clamps were removed, it is doubtful whether the portal organs 
can have recovered so soon from the stasis and the distension of the 
blood vessels. In our experiments the flow through the portal organs 
is not interfered with for a moment and the rate of flow is determined 
at the normal pressure in the vein. | 
Some statement may be made at this point as to the accuracy of the 
analytical methods of gas analysis in the experiments we are about to 
desoribe. 
| The following experiments give duplicate readings of (1) the 
difference between the portal and arterial bloods: 


n 
and (2) the difference between the hepatic and arterial bloods: 
144 a. 163 448 077 968 


I ̃ be greatest divergence between the members of any pair of analysis 
is about 12°/,, from which it may be supposed that any single analysis 
is within about 5 or 6°/, of the mean value. Any greater error than 
this would arise from the inaccuracy in the collection of the blood. 
That such errors exist is clear from a consideration of the results of 
successive determinations of the metabolism of the same liver for i instance. 
In Exp. 11 two determinations with precisely the same procedure give 


another by about 15% whilst two determinations from the liver which 
were made by an essentially different procedure, the hepatic vein being 
clamped in one case in the abdomen and in the other in the thorax, — 
2 25 %, This may be regarded as an extreme case. nee 
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Baporiments upon animals which had received no food for 36 hours, 
The gaseous exchange of the liver obtained from the animals which 
aus not been fed for 36 hours is given in Table III. 


small exchange, but to a great development of the muscular and 


Cohnheim, Brodie and Vogt etc. to use relatively little oxygen, hence 


that within the limits of blood flow in the above table, there is any 
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TABLE III. Animals fasting. 


1 140 612 — — 
2 
11¹ 109 00 
176 018 80 017 
6 152 013 74 012 
33 20 00 99 ‘018 
Average: 148 012 87 ‘O11 
These data we may consider in detail. 


M gaseous exchange of the portal viscera. In Exp. 7 the apparently 
small gaseous exchange per gram per min. is due not to an absolutely 


connective tissue elements of the intestine which was abundantly 
evident to the naked eye and which caused the organs to attain to 
a weight of 220 grams. These elements are known, from the work of 


their hypertrophy leads to an apparently small gaseous exchange per 
gram per min. Setting this experiment aside for the present it will be 
seen that the oxygen taken up per gram per min. varied from ‘011 to 
013 cc. This degree of constancy is remarkable especially when the 
variability of the conditions under which it was attained is considered. 
The following table gives the oxygen exchange and the sce se 
— the tissues in question per gram per min. : 


Oxygen used 012 013 012 611 013 018 0.0. 
Blood flow — N 06 20 25 12 


It appears then that in the different experiments the difference in 
the blood flow was very great, this difference was no doubt largely due 
to surgical shock causing local dilatation. It does not seem, therefore, 


reason to suppose that in the fasting animals the gaseous exchange 
depends upon the blood flow. This result is in harmony with that 
obtained by Barcroft and Franz Müller in the submaxillary gland, 
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The above statement raises the question of the adequacy. of the 
blood supply. In some of the — we have tate as to ‘the 
amount of oxygen in the venous blood. 


Oxygen used... 012 018 -012 ‘011 018 


The experi iments, however, yield no satisfactory data for the calcula- : 
tion of the oxygen pressure in the capillarics of the viscera contributing 
to the portal vein. 
me liver. The divergence in the results is. as remarkable as the 
uniformity in the case of the other viscera, 

With regard to a possible connection between the oxygen used and 
the vascular condition of the liver it is clear that little information i is to 


total blood flow, since it might on the one hand be mostly blood already 
much reduced by the viscera or on the other hand blood rich in oxygen 
coming along the hepatic’ artery. But we bave one very instructive 
experiment, which, though it was performed on a fed animal, may be 
_cited here. In it the blood flow along the portal vein was almost 
constant in two sets of determinations whilst the blood flow - the 


hepatic artery varied ‘greatly. 


4 Blood fi B. Blood flow used 


these two cases conditions were as different as they 
condi be; in the first the blood in the hepatic vein was only 3% saturated 
whilst that of the portal vein was 23% saturated with oxygen, in the 
second case the portal blood was much the same (30% saturated) whilst 
the blood of the hepatic vein was, owing to the very copious arterial 
supply, much richer in oxygen attaining a saturation of 43 5 ; neverthe- 
less the amount of oxygen used by the liver was the same in each case. 
The liver like the submaxillary seems to use the oxygen it needs so long 
as the supply is sufficient. en of bach amount which i is brought 

to it in the blood. 
Relative importance of portal:and hepatic supplies 
enge as well as measuring the differences between the oxygen in 
the arterial and hepatic and the arterial and portal bloods: respectively, 
we measured rather roughly the oxygen in the arterial blood. With 
the knowledge of this we get the actual amounts of oxygen in the 
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arterial, portal and hepatic bloods respectively. From the data which 

ve have already given we can deduee the amounts of oxygen brought to 

the liver (1) by the hepatic artery and (2) by the portal vein and 

compare these quantities» with the oxygen used by the liver. The 


190 1°85 50 
66 8-00 1 
558 794 481 


ths fact which emerges from these figures. is the essential part 

3 played by the hepatic artery in contributing to the oxygen supply of 

1 the liver. In Exps. 5 and 6 the whole quantity of oxygen brought to 

5 the liver by the portal vein was only about two-thirds and in Exp. 7, 

one-third, of that used by the liver. In Exp. 2 the portal blood was 

not at all reduced, in Exp. 4 on the other hand the hepatic blood 

was considerably poorer in oxygen than the portal. The same was the 

case in Exp. 5 but as an offset against Erpa 4 and 5 stand Exps. 

2 and 6 in which the blood in the hepatic vein was considerably — 

richer in oxygen than that in the portal vein. We conclude that the 

_ liver, at all events when at rest, takes its oxygen essentially from its 
arterial supply. 

"This result cannot be attributed to experimental shock. In the 

above experiments the liver did not depend upon the arterial blood for 

its em 5 in the portal blood as the following 


4 5 6 7 


In none of the above experiments was the portal blood at all nearly 
reduced—moreover it must be borne in mind that the most serious 
1 cause of experimental deficiency which we have to avoid is that of 
1 dilatation in the abdominal viscera, and although it is true that this 
lowers the general arterial pressure it does so rather at the expense of 
the blood flow in other parts of the . * f in the . are 

drained. by the portal vein. ic. | 
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‘J. BAROROFT AND L. E. SHORE. 
Wuen the full importance of the hepatic arterial supply became 


5 evident we performed one or two experiments with the object of 


ascertaining whether the oxygen supply of the liver was affected if the 
portal blood was withdrawu from it entirely» This was not difficult to 


manage. A T cannula was inserted into the rubber tubing along which 


the blood was flowing from the lower portion of the body. At the 


required moment the T was connected with the cannula in the splenic . 


vein and the portal vein was tied close to the liver. 
a ™ * are the a which such an experiment yielded. 


Blood flow of liver in c.c. per min. ety 

“ Hepatic ven Portal vein Hepatic urt. per gm. per min. 

Exp. 5, Before diversion BBO 26 74 018 c.0, 
Immediately after diversion 17°1 0 17 1 018 
25 minutes after diversion 2.8 0 
25 minutes after diversion 28 0 28 014 


From the above table it will be clear that the oxygen taken in by 
the liver was not changed immediately by the cutting off of the portal 
blood. Indeed after 25 minutes supply of pure arterial blood the liver 
in Exp. 5 was taking in much more oxygen than previously. This, 
being as it is the result of a single experiment we do not wish to lay 


any stress upon it. at the present time further than to make it clear 


that we have no reason from the e side to regard it 88 
suspicion. 

Experiments upon animale fed about 18 hours. 55 
Table IV we give a general summary of the results which we 5 
obtained on animals which have been fed the evening before our 
experiment. When this table is compared with Table ITT it will be clear 
that whereas the highest result given in that table for the metabolism of 


TABLE IV. Animals fed. 


wh Portal organs 2 Liver 
per gram per hi por ram per ai, 
ß(O—V0 
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the liver in the unfed animal is 018 e. o. per gram per min., the lowest figure 
for the fed animal is 024. From this value the figures range to 050. 
Thus the lowest figure for the cat which has been fed the evening before 
is 50% higher than the highest figure for the cat that had not been fed 
for 36 hours and the highest figure is almost 300 ‘to higher. These 


results leave no room for doubt that the oxidations in the liver are 


demonstrably increased greatly as the result of a meal and that this 
increase lasts for at least 18 hours. 5 

On the whole we have found greater difficulty i in . the 
fed animals in a satisfactory condition than we did in the case of the 
unfed ones. From the table given below it will be obvious that the 


amount of oxygen used by the liver in Exp. 9 must be regarded as 


a minimum rather than an actual value, though its value, 05 c.c, per 
gram per min., is the highest we have obtained. In it the hepatic 
blood was entirely reduced. Practically the same might be said about. 
the first period of Exp. 11 in which the oxygen used was 034 c., per 
gram per min. were it not for the fact that in a subsequent period the 
oxygen used by the liver was not increased though the hepatic’ 5 


was particularly rich in oxygen. 


The following table gives data for fed animals similar to those 
which we have already given for fasting ones, regarding the — 


importance of the portal and — supplies of oxygen. 


Oxygen in 1 d. of blood cc. per min. used 
Exp. Arterial Portal vein Hepaticvein' Portal vein Hepatie ar. ce. per min. 
9 174 0174 0 28 8°53 4-0 
11 (1) 140 082 0004 58 1°56 2°17 
) 181 039 056 18 8°67 1-92 
12 189 094 088 2°25 8-02 1°72 


In the case of the fed animals the arterial supply plays an even more 
important röle as regards oxygen than in the case of the fasting animals, 
this is so evident that it is unnecessary to make any analysis of the 
figures such as we did in the former case. | 

Comparison of the liver with other organs of the body. The lowest 
values obtained for the oxygen used per gram of liver per minute are 


considerably lower in the case of the resting organ than the corresponding 


data yielded by the salivary glands.and the pancreas which have a 


“ coefficient of oxidation (Chauveau and Kaufmann) of about 02 c.c. 


The highest figures yielded by the resting liver approach this value, and 
are about equal to what we regard as minimal values for the kidney. 
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The active livers in our experiments also had a lower coefficient than 
active subinaxillary glands, pancreas or kidneys, but in making these 
comparisons it must be borne in mind that the degree of activity which 
can be induced in these organs by such methods as stimulation of the 
chorda tympani, injection of secretin or of. certain diuretics respectively 
is probably much more nearly maximal than that induced in the liver 
of a cat by a meal of meat and milk 18 hours before the experiment, 
indeed in a future paper we hope to 1 an ‘account ‘of —— 
which 12 this statement. 


SUMMARY, 


ae hours is from 005 to 018 c.. per gram per minute; se 


animals fed 18 hours before the experiment, ‘024-050 c.c. | fee 4 
= 2. The corresponding coefficients for the viscera drained by the a 
vein taken together are “008-018 cc. for tho unfed 
— for animals fed 18 hours previously. } 
9 3. The hepatie artery is the dominating source of oxygen n to 


the liver especially in the case of the fed animals. 
4. The amount of oxygen used does not appear to be governed by 
the blood supply if above a certain limit, either in the liver or in the 
intestines. | 


‘The expenses ofthe above hve been dataye in part by a grant for whish 
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ON THE PART PLAYED BY THE SUPRARENALS IN 


THE NORMAL VASCULAR “REACTIONS THE 
‘BODY. By G. von ANREP. 


(Prom the Institute of Physiology, Olle, Landon) 


2 Tux existence of secretory nerves to the suprarenal 8 may be 


regarded as definitely established by the work of Biedlo, Ashera, 
Cannon@ and Elliott. The action of these fibres has thrown a new 
light on the same well-known phenomena, and amongst them on the 
form of the curve of blood-pressure obtained when the peripheral end 
of the splanchnic nerve is stimulated. Johansson observed in the 
dog that the curve in this case is not one of simple rise and fall but 
presents two summits. Subsequent observers have confirmed this and 


shown that a similar form of curve occurs in other animals. Lehndorffe 


investigated the cause of the double rise in the dog, and came to the 
conclusion that the first was due to vaso-constriction of the splanchnic 
area, the delay or “step” to a transitory dilatation of the heart, and 
that the second rise was due partly to an increased heart beat accom- 
panied by acceleration, and partly to a constriction of the peripheral 
vessels, e. g. of the limbs. Elliott investigated the question in the cat, 
in which animal the “step” becomes a distinct fall. He found that the 
fall and the second rise were caused by the secretion of adrenalin, since 


both were absent on stimulation of the splanchnic nerve after extirpa- 
tion of the suprarenals. The question then arises whether the effects 
described by Lehndorff on the heart and on the blood vessels of the limbs 


can also be referred to adrenalin secretion. In this paper I give an 


account of some observations with neue to this, made at the sugges- 


tion of Prof. Starling. 

Methods. The splanchnics were exposed extra-peritoneally from 
the back, and a string was passed round each suprarenal in order to 
exclude either or both as quickly as possible from the circulation by 
tying the string. The animals used were anzsthetised with morphia 


(30-100 mgms. subcutaneously) A. C. E. To any 


PH. XLV. 21 
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possibility of reflex on the heart I generally cut all the heart nerves. 
Both vagi were divided in the neck, and the stellate ganglia were 
extirpated from the back by Anderson’s@ method. For this purpose I 


divided all the muscles passing from the posterior border of the scapula 


to the thorax and spinal column, exposed and removed the head of the 
second rib. The stellate ganglion lies just behind the head of the 


' second rib. As a rule the extirpation was effected without the pro- 


duction of a pneumo-thorax. 


Experimental Results, Under such conditions stimulation of 
either splanchnic nerve gave a typical curve with a well-marked — 
secondary rise, accompanied by marked acceleration of the heart, 


which begins simultaneously with the secondary rise. The slower the 
heart beat before the stimulation the more marked was the accelera- 
tion produced by the stimulation. The extent of the acceleration 
therefore depends on the pulse rate obtaining before the excitation of 


Fig. 1. Stimulation of the left splanchnic. The first interruption=5 minutes; the 


second=7 minutes, Figures on time line show pulse rate per 10 seconds. Time 
marking in this and subsequent tracings=10 seconds. | | 


the splanchnics. If the pulse were already fast the nn an 
much less marked. Thus in some cases while the stellate ganglia were 
intact, stimulation of the splanchnic nerve caused only a slight 


acceleration, which was much more marked after the stellate ganglia 


bad been extirpated. In these cases the stellate ganglia had been 
_ exercising a tonic effect on the heart, so that their extirpation was 


followed by distinct slowing of the pulse. In two experiments in which 


urethane had been injected, the pulse was fast even after extirpation 
of the stellate ganglia, and here splanchnic stimulation caused little or 
no acceleration. On administering chloroform the pulse rate became 
slower and now splanchnic stimulation caused marked acceleration. 


After excluding one-suprarenal by means of a ligature, care being taken 


not to injure the splanchnic. nerve, stimulation of the splanchnic nerve 
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on the same side never gave the typical curve. The only effect was a 
rise of pressure beginning directly the splanchnics were stimulated and 
= as long as the stimulation itself. 

On the other hand stimulation of the splanchnic of the other 
side, i.e. the side on which the suprarenal was still intact, gave the 
normal ‘stepped’ curve of pressure. In two experiments, instead of 
tying off the suprarenal en bloc, I simply clipped the suprarenal vein. _ 
During the whole time that the clip was applied, stimulation of the 
splanchnic nerve caused no ‘secondary rise of pressure and no acceleration 


of the heart beat. On removing the clip, these effects once more | 


returned and stimulation of the splanchnic gave the usual ‘stepped’ 


curve. In the same way on exclusion of the suprarenals splanchnic 
stimulation gives no longer any acceleration of the heart beat. 


In a few cases towards the end of the experiment or after a large 
dose of Wer ebe there may be a very slight acceleration (cp. Fig. 2), 


Fig. 2. Stimulation of left splanchnic with left suprarenal ligatured off. Same experi- 
ment as in Fig. 1. Pulse rate in intervals succeeding the tracing was: 23, 22, 22, 21, 21. 


not amounting to more than two beats in the ten seconds. Where the 


pulse has been slowed by excess of chloroform, the pulse rate during 
splanchnic stimulation returns only to the rate which was normal 
before the chloroform was given. This slight acceleration always 
occurs after the stimulation has finished and when the blood-pressure 
is already falling. It is probably due to the slightly higher tempera- 
ture and (after chloroform administration) the better quality of the 
blood which is pressed during splanchnic stimulation from the abdomen 
towards the heart, so improving the action of the latter organ. That 
this explanation is probably correct, is shown by the fact that if the 


_ splanchnic nerve were exposed not from the back as usual but from the 


front through the abdomen, so that the intestines became cool, this 
after splanchnic stimulation entirely 
21—2 
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A similar disappearance can be brought about if the | 


abdomen be filled with cold water so as to exclude temperature effects. 

As mentioned above, Lehndorff considers that two factors are 
concerned in producing the secondary rise of blood-pressure following 
_ splanchnic stimulation, namely, constriction of all the peripheral vessels, 
and increased force and rate of the heart beat. I have shown that the 
acceleration is due to the increased production of adrenalin, and my 
next object was to investigate the constriction of the blood vessels. 


_ According to Bayliss c the vessels of the peripheral parts of the 
body do not follow passively the changes in blood-pressure produced by 


_ splanchnic stimulation, but contract actively against the blood-pressure. 


Bayliss ascribed this contraction to a local reaction of the vessel wall 


Fig. 8. Stimulation of the left splanchnic with suprarenal intact. 1. v. S hind limb 


‘volume with sciatic and anterior crural nerves cut. Inter- 


to the rise of intravascular pressure, and aks that every rise of 
pressure however produced would tend to cause such a local reaction. 


This explanation was accepted by Lehndorff. 


I can fully confirm the facts described by Bayliss and Lehndorft 
The vessels of a denervated organ respond to splanchnic stimulation 


with a strong constriction, as is shown in Fig. 3. In this case the hind 
limb, after the anterior crural nerves and the sciatic nerves had been 
cut, was enclosed in a simple plethysmograph connected with a piston 


recorder, The first effect of stimulation of the splanchnic nerve is a 


passive dilatation of the vessels of the limb as a result of the rapid rise 


of blood-pressure. This distension is followed by a rapid and marked 
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3 constriction. After the end of the stimulation the blood-pressure 


: returns to the normal level, but the limb remains a long time con- 
: _ stricted and only returns to its former volume very slowly. In most of 
my experiments on this point curare was given in addition to the _ 
angsthetic in order to prevent simultaneous contractions of the ‘= 
skeletal muscles, but the constriction was obtained also i in cases soi | 
curare had not been given. ) 
At the time of Bayliss’ experiments the existence of secretory 
nerves to the suprarenals was not suspected. It is evident that the 
constriction of the limb observed in these experiments might be due to 


bbs same cause as the acceleration of the heart, namely, an increased _ 
| — of adrenalin into the blood stream. As a matter of fact, after 2 
Fig. 4 Stimulation of the left Seno 
experiment as in Fig. 8. 
: tying off the 3 stimulation of the splanchnic nerve produces 
4 not the slightest constriction of a denervated limb. The vessels now 
3 play an entirely passive part, as is shown in Fig. 4 
vi As the blood-pressure rises the limb dilates and remains dilated 80 
5 long as the stimulus continues. With cessation of the stimulation it 
. gradually returns with the blood-pressure to the normal level. In the 
5 experiment from which Fig. 4 was taken only the left suprarenal was 
‘“ cut out of the circulation. On stimulating the right splanchnic nerve, 
; the usual effect was obtained, i.e, dilatation of the limb followed by — 
constriction, as in Fig. 3. I performed the same experiment on a 4 


denervated kidney. All the kidney nerves were carefully divided. The 
renal vessels and ureter were pinched to crush the nerves and were 
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finally painted with a strong solution of cocaine. The kidney was then 
enclosed in a Roy’s oncometer and the splanchnic nerve of the opposite 
side placed on electrodes. The results obtained were exactly analogous 
to those given by the limb. Stimulation of the splanchnic nerve caused 
a marked constriction of the denervated kidney if the suprarenal on the 
side of the stimulated nerve were intact, but only a passive dilatation 
if the suprarenal were extirpated. It is important to note that if one 
splanchnic nerve is intact while the suprarenal on the other side is 
extirpated, stimulation of the splanchnic nerve on the side of the 
extirpated suprarenal may still cause constriction of the denervated 
limb. Only after the other splanchnic nerve is cut does this con- 
striction disappear and the limb react passively to the changes of blood- 
pressure. This is due to the fact that stimulation even of the peri- 
pheral end excites a certain number of afferent nerves, so that there 
may be a reflex excitation of the suprarenel of * other side through 
the intact splanchnic nerve. 
Ik both suprarenals be extirpated oe a 1 nerve stimulated, y 
injection of a small dose of adrenalin shortly after the commencement 


‘of the stimulation gives effects precisely similar to those observed on 


stimulating the splanchnic nerve while the suprarenals are intact, 

namely, a secondary rise of pressure accompanied by acceleration of the 

heart and constriction of the limb veasela. We must therefore conclude 

that the “local reaction” of the limb vessels to the rise of pressure 

produced by absent in the of 
the — gland. 


The heart volume and output during splanchnic 


Lebndoptt investigated the changes in the heart volume which 
occur as a result of stimulating the peripheral end of the splanchnio 
nerves. He found that the first rise of pressure is accompanied by 
dilatation of the heart, i.¢, both systolic and diastolic volumes are 
increased while the output is diminished. This dilatation attains its 
maximum at the point where the blood-pressure ceases to rise further 
or falls slightly. Coincident with the second rise of blood-pressure 
there is an improvement in the heart’s action, the dilatation being 
_ diminished and the output at each beat being increased, so. that in 
spite of the increased resistance both the heart volume and the heart 
output return to their previous values. Lehndorff regarded this 
behaviour of the heart as largely responsible for the peculiar characters 
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of the blood-pressure curve obtained on splanchnic stimulation. He 
found that if the blood-pressure be raised mechanically by compression 
of the thoracic aorta, the heart reacts quite passively, dilating with the 

rise of pressure and remaining dilated until the increased resistance is 
removed, On repeating Lehndorff's experiments I was able to 


confirm them and found that the larger the secondary rise of blood- 


pressure the more marked was the increase of tone of the heart. This 


increased tone, marked by diminished systolic and diastolic volume, 


occurs shortly before the second rise of blood-pressure, showing that 
the heart’s action is the cause and not the result of the changes in the 
blood-pressure. 5 

In order to determine the causation of this increased tone of the 
heart I first investigated the reaction of the heart volume to a purely 
mechanical rise of blood-pressure. For this purpose I made use of the 
heart-lung preparation as described by Knowlton and Starling. In 
this arrangement if we raise the arterial resistance the blood-pressure 
suddenly rises and remains quite constant on the higher level. I found 
that the rise of arterial resistance produces a sudden dilatation of the 
heart volume. After a few seconds the heart volume diminishes 
slightly but does not return absolutely to its previous value. After this 
slight diminution of volume, the heart volume remains without change, 
still considerably dilated, during the whole time that the high pressure 


is maintained. This slight recovery of the heart is by the conditions of 


the experiment without any effect on the blood-pressure. A sudden 
diminution of arterial resistance has analogous effects, .., first 
constriction, and after a few seconds a slight dilatation of the heart, 
which then remains constant so long as the resistance is maintained at 
the same level. To alterations in the venous pressure the heart volume 
reacts purely passively, a rise of venous pressure producing increased 
systolic and diastolic volumes but with larger output, and a fall of 
pressure producing diminished volume of the heart without . 


| any trace of recovery from either condition. 


On adding a small dose of adrenalin to the blood circulating to the 
heart a very marked increase of tone accompanied by diminution of 


_ systolic and diastolic volumes takes place, and at the same time there is 


considerable acceleration. The increase of tone is so marked that the 
actual output of the heart at each beat is diminished since the heart 
does not relax sufficiently during diastole to receive the normal volume 
of blood. A very interesting fact comes out in this experiment. After 


the administration of adrenalin the reactions of the 
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- fall of arterial pressure are very much more marked. Whereas before 
2 adrenalin is given there is a very slight recovery of the heart after it 
has been dilated in consequence of the rise of arterial resistance, after 
the administration of adrenalin a rise of arterial pressure causes first 
- dilatation and then a very marked diminution of volume of the heart, 
and in the same way a fall of pressure causes first diminution of volume 
and then a marked dilatation. These effects are so striking that we 
may say that the heart tends to maintain its volume constant, but that 
the power of the heart to react in this way to changes in arterial 
resistance is dependent on the presence of adrenalin as a constituent 

of the circulating blood or of the heart muscle itself. Twenty-five 
minutes after the addition of adrenalin to the circulating blood this 
reaction of the heart to changes in arterial resistance was much 
diminished, and after another ten minutes it was not more marked 
than it was before the administration of adrenalin. A second dose 
of adrenalin brings back in its full intensity this power of the heart 
to adapt its volume to changes in the arterial resistance. The ex- 
periment may be repeated many times with the same result. It seems 
therefore that the presence of adrenalin is a necessary condition for the 
normal functioning of the heart, and especially for its property of peri- 
pheral adaptation to changes in its mechanical conditions. As already 
mentioned, Lehndorff found that the heart reacted quite passively to 
a purely mechanical rise of pressure such as that produced by obstruction 
of the thoracic aorta. I can only agree with him to a certain extent. 
As a matter of fact, if the aorta be compressed the blood-pressure rises 
suddenly to a very high level. It does not however remain at this 
level as in the heart-lung preparation, but it continues to rise still 
bigher, and this secondary rise masks or prevents the property of the 
heart to adapt itself by partial recovery of tone to the raised resistance. 
In some experiments I was successful, by graduated compression of the 
aorta, in raising the blood-pressure to a given height and in maintaining 
it constantly at this height. In these cases the heart reaction was 
always present. In these experiments I was able to try the effect of 
_ adrenalin on the heart reaction. The effect was exactly analogous to 
that found on the heart-lung preparation, the only difference being that 
whereas in the latter preparation the action of adrenalin lasted for 
about 30 minutes, in the whole animal the effect of adrenalin an ent 
apparent for 5 to 10 minutes. 
We may conclude therefore that a mechanical rise of arterial 
pressure, even a very small one, always produces a passive dilatation. 
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If 8 the blood-pressure be maintained steady at its new height, 

the heart always reacts in such a manner that it tends to return more 

or less to its normal volume, whether the change in pressure has been 

one of diminution or of increase. This reaction of the heart is 

5 especially powerful after the administration of adrenalin. 

: Let us see what conditions are present during the stimulation of the 

| splanchnic nerves. In Fig. 5 I reproduce the tracings of blood-pressure 
and heart volume from a dog during stimulation of the splanchnic nerve. 
It will be seen that during stimulation the first rise of blood-pressure 7 4 

is accompanied by dilatation of the heart. During the delay the heart a 
is still dilated, and then during the second rise there is a powerful . 
constriction, i., the tone of the heart muscle is so increased that in 
spite of the rise of blood-pressure, both systolic and diastolic volumes 


. | Fig. 6. Changes in heart volume and In blood-pressure during splanchnic 
3 stimulation (suprarenals intact). 
. are smaller than they were before the beginning of the e 
a when the blood-pressure was low. It is quite evident that this effect 
cannot be explained simply as a reaction to the mechanical rise of 
pressure but that some other factor is involved. This factor is the 
production of adrenalin as a result of the action of the splanchnic nerves 
. suprarenals. In Fig. 6 is shown the effect of splanchnic stimula- 
» tion on heart volume and blood-pressure after removal of the supra- 
+ renals. In this case the blood-pressure rises steadily and remains 
/ constant at a given height so long as the stimulation continues. In 
= some cases one may get a slight heart reaction especially if the © 
stimulation be prolonged so that the heart, which at first dilates, may 
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recover its tone to a slight extent, though never attaining the height it 
had before the beginning of the stimulation. Generally however this 
reaction is absent and the heart dilates with the rise of pressure and 
recovers its original volume as the pressure returns to normal, If after 


the suprarenals had been ligatured off I stimulated the splanchnic first 
with a weak current and then with a strong one, I was able to produce 


a blood-pressure curve stepped like that in the normal animal with 


strong stimulation of the splanchnic nerve. The heart however was 


quite passive, the slight dilatation during the initial rise of pressure 


being succeeded by a more pronounced dilatation as the blood - pressure 
_ was raised still higher. by increased strength of stimulation. 


Fig. 6. Changes" splanchnic 
stimulation (suprarenals cut out). 


We must therefore conclude that the increased tone of the * 
which occurs simultaneously with the secondary rise of blood-pressure 


during splanchnic stimulation is due to the action of adrenalin on the 


heart. We are therefore justified in concluding that all the phenomena 


recorded by Lehndorff, as occurring during the secondary rise of blood- 


pressure produced by splanchnic stimulation, are determined entirely 
by the action of the splanchnic nerves on the suprarenal glands and the 


discharge of adrenalin into the blood stream. But the splanchnic nerve 


is the great vaso-motor nerve to the body through which the central 
nervous system regulates the general blood-pressure and determines | 


the adequate supply of blood to itself. Every change in muscular or 
nervous. activity is probably associated with corresponding changes in 


the impulses descending the splanchnic nerves. and playing on the 
vascular system. In all these reactions we shall thus have a mixture 
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of effects, some due to the direct influence of nerves on the heart and 
blood vessels, others due to the action of adrenalin set free by the action 


of the splanchnic nerves on the suprarenal glands. Moreover, the 
adrenalin which is thus discharged into the circulation may act in one 
or both of two ways. It may have a direct excitatory influence on the 
vessel wall, causing constriction, or on the heart, causing augmentation, 
increased tone, or acceleration. On the other hand, the larger the 
amount of adrenalin in the blood the more marked is the power of 
peripheral ‘adaptation to changes of mechanical conditions possessed by 


the heart muscle. Adrenalin has thus not only a temporary influence 


but also an abiding influence on the reactive tissues of the circulatory 
system. We are already fully conscious of the influence of chemical 
factors on the activities of the central nervous system. I need only 
instance the action of the acid products of metabolism on the respiratory 


centre. But it is certainly surprising to find how closely chemical and 
nervous factors are interwoven in the reactions of the peripheral organs 


of the body, the muscular tissues of the heart and blood vessels, which 


are — into play at every instant of the * fe. 


SUMMARY. 
qd) Stimulation of the splanchnic carves bot any means (as shown 


: by Johansson and others), causes a rise of blood-pressure which occurs 


in two phases. The second phase (as Lehndorff found) is ac- 
companied by constriction of peripheral blood vessels (even after 
denervation) and by acceleration and increased tone and augmentation ~ 
of the heart (also after denervation). 

(2) The secondary rise, and all the concomitant phenomena, are 
due to the discharge of adrenalin into the circulation and are absent 


after extirpation of both suprarenals. 


(3) Every rise of blood-pressure, brought about by the agency of 
the nervous system, thus involves the cooperation of the —- 
mechanism represented by the suprarenal glands, | 
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ON LOCAL VASCULAR ‘REACTIONS AND THEIR 
INTERPRETATION. By G. von ANREP. | 


(rom the Institute of Physiology, University College, London.) 
In the previous paper I have shown that there is no constriction of 


denervated organs during splanchnic stimulation if the suprarenals 
have been previously cut out of the circulation. It may be remembered 


that the constriction obtained in denervated limbs during the rise of 


pressure produced by splanchnic stimulation was regarded by Bayliss« 


as an important link in the chain of evidence brought forward by him 


for the existence of local reactions of the blood vessels to variations of 


internal pressure. I determined therefore to repeat the other experi- 
ments quoted by Bayliss with a view to determining whether this 
power of local reaction to pressure was really present, and if not, in 


what other way the experimental results might be accounted for. The 
other methods used by Bayliss to produce a rise of internal pressure 
were stimulation of the central end of the sciatic nerve and asphyxia. 


Part I. The ‘local reaction’ to increased pressure. 
‘In my experiments on the reflex rise of pressure produced by 


nee of the central end of the sciatic nerve, curare was admin- 
istered in addition to the anesthetic in order to exclude reflex 


movements of the limb. One hind limb, in which the nerves had been 


cut, was placed in a plethysmograph, while in the other one the sciatic 


nerve was prepared for stimulation, Fig. 1 shows the effect on the 


volume of the hind limb of exciting the central end of the sciatic of the 
opposite side. The curves are almost identical with those obtained 
after stimulation of.the peripheral end of the splanchnic (Fig. 3 in the 
previous paper). As the arterial pressure rises the limb is passively 


distended, but in a few seconds it constricts so that the lever descends | 


far below its previous level, to which it only gradually returns. After 


excluding both suprarenals the stimulation of the 
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doentral end of the sciatic nerve always gave a curve similar to that 
produced in Fig. 2. As the constriction of the limb is now entirely 
abolished, the volume of the limb rises and falls passively in response 
to changes of the blood-pressure, and this although the rise of blood- 
pressure may be sometimes very large and quite sudden enough to 


* 


Fig. 1. Stimulation of the central end of sciatic. L. V. = limb volume. B. P. blood- 
pressure. Interruptions=5 minutes. 


Fig. 2. Stimulation of the central end of sciatic with both suprarenals ligatured off. 
: Same experiment as in Fig. 5 of last paper. | 


produce a local reaction if such a property were present. In order to 
show that the efferent impulses to the suprarenals really pass through 


the splanchnic nerves, I made a special experiment in which, instead of | q 
a. removing the suprarenals, I divided both splanchnics. Although before q 
_ ivision of the splanchnics, constriction of the limb after stimulation of 
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the central end of the sciatic nerve was well marked, after section of 
these nerves the limb reacted quite passively. Similar experiments 


were performed with a denervated kidney and with exactly similar 
results. 


It is stay $6 show that sles of 


vessels is due only to the function of the suprarenal glands. If the 


suprarenals be intact, asphyxia as a rule produces a very marked 


constriction of a denervated organ. In Fig. 3 is shown the constriction 
of a denervated hind-limb of a dog which occurs during asphyxia. In 
this case no passive dilatation is to be seen, though sometimes this may 
be well marked so that constriction comes on only after dilatation, as in 
the curve shown in Fig, 1. In the experiment from which Fig. 3 was 


Fig; 8. Constriction of denervated hind-limb during asphyxia. 


taken the constriction was 80 marked that even the large rise of 


general blood-pressure which occurred was insufficient to distend the 
vessels of the limb. Experiments on a denervated kidney gave ‘the 
same results 

It is quite imposible to explain this constriction ¢ as a local reaction 
for the following reasons: 
1. In some cases the constriction begins without previous 
dilatation, i. a, before the pressure rises in the limb vessels. 
2. In some cases the constriction of the limb vessels occurs even 


before the general blood-pressure rises. 


in Fig. 3. 


small or even absent, though the constriction of the limb vessels is 
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splanchnies divided. 
We thus see that all the cases cited by Basins as proving a 
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4. But the principal point is that this constriction is to be obtained 
only if the suprarenals and splanchnic nerves are intact. If both 
suprarenals are cut out of the circulation, asphyxia still produces some 
rise of blood-pressure, though smaller than in the intact animal. In 
the former case however there is no constriction of the vessels of the 


limb. 


If both splanchnics are cut there is no Seien of el 
voi so that the asphyxial blood does not act on the suprarenal 
medullary cells themselves. The action is taking place entirely through 


the intermediation of the central nervous system, so’ we see that the 


secretory nervous apparatus of the suprarenals can be excited in all its 


parts, namely by the excitation of afferent s of the centre, or of 
efferent nerves, 


4. Changes in volume of limp during asphyxia (suprarenals excised). 


In Fig. 4 we see the behaviour of the limb vessels during asphyxia 


in the absence of the suprarenals. I have purposely selected a curve 
where there is no asphyxial rise of pressure in order to show one other 
interesting fact, namely, the active dilatation which comes on in the 


denervated vessels towards the end of asphyxia and which must be 


aseribed to the direct action of the asphyxial blood on the vessel walls. 


This dilatation is nearly always to be seen in a plethysmographic 
tracing from a denervated limb if the FVV 


reaction of the blood vessels to increased intra-arterial tension are 
really due to quite another cause, namely, to the production of adrenalin 
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: lating effect on the blood vessel 


and its passing into the circulation. Before 1 the possibility 


of any local reaction on the part of the blood vessels however it seemed 
necessary to test their reaction to a rise of internal pressure under other 


‘conditions in which the suprarenals could not possibly be involved. 
For this purpose I proceeded as follows: 


The fore-limb, after division of the brachial plexus, was placed in 
a plethysmograph. A thread on a ligature staff was passed round the 
thoracic aorta so that by pulling this thread tight the aorta was 


absolutely occluded and a large rise of pressure was eee in all 


parts of the body supplied from 
the distal side of the ligature. 
The results of such an experi- 
ment are shown in Fig. 5. 

It will be seen that the 
limb volume follows the blood- 
pressure in the brachial artery 
quite passively. It is distended 
by the large rise of pressure 
and returns to its previous level 
as the blood-pressure is brought 
back by releasing the ligature. 
Bayliss states that the stimu- 


wall is more marked if the rise 


of pressure be sudden and short, Pig. 


but I have found no difference 
in my results whatever duration of obstruction I sich. In every 
case the limb vessels dilated passively with rise of pressure. 


Part II. 


Bayliss found that the wall of denervated vessels reacts also to 
diminished tension in the opposite direction to its reaction to increased 
tension, and that any fall of intravascular pressure, however produced, 
brings about a relaxation of the vascular wall. This reaction is obtained 
by stimulation of the peripheral end of the vagus, or of the depressor 


nerve, by obstruction of the aorta, or of the iliac artery, and he states 


that the best reaction is obtained after a deep and sudden fall of 


Pressure. On repeating his experiments I also found that the best 
reaction was to be obtained by obstruction of an artery. Fig. 6 shows 
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First there is a passive distension 
which lasts as long as the ob- 


first a passive constriction. The 
blood - pressure returns to normal 
and remains steady at the same 


an active dilatation. This dilata- 


A similar dilatation of the fore- Se = 
limb can be also obtained by an pig. 6. Plethysmographic tracing from 
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the reaction produced in a denervated fore-limb by the fall of pressure 
brought about by obstruction of the brachial artery. The blood- 
pressure was recorded in the carotid artery. Stoppage of the heart by 
stimulation of the vagus nerve gives similar curves, though the effect is 


not so striking. There are however other factors at work which may 


produce this dilatation, so that without further experiment we. are not 
justified in ascribing it to the mechanical effects of a fall of pressure. 
Indeed, a similar reaction can be obtained not only after a fall of 
pressure but also after a rise. When studying the reaction to increased 
tension I tried to obtain a constriction of the arteries of the fore-limb 
by raising the pressure by means of obstruction of the thoracic aorta. 
After a prolonged obstruction 
I found that the denervated limb 
showed a double reaction (Fig. 7). 


struction is present. After the 
ligature is released there is at 


level, but the limb now shows 
tion is present only after a pro- 
longed obstruction. of the aorta. 


obstruction of the inferior vena fore. limb (denervated), showing effect 
cava. There is a fall of arterial of temporary pbstruction of the brachial 


artery. Note the dilatation of the limb 


pressure and a passive constric- when the obstruction is relieved. 

tion of the limb. After releasing 
the ligature the blood-pressure returns to its original height, but 
the limb dilates, so that the lever of the plethysmograph rises much 
higher than the former level. Exactly the same dilatation is obtained 
if the aorta and vena cava are obstructed together. In this case the 
blood-presaure in the fore part of the body changes only a little and 


generally rises somewhat. After releasing the ligature the dener- 


vated limb, which till now was passive, undergoes active dilatation. 


So we may have the same reaction of the vessels of the denervated limb 
without a rise of pressure, so that R 
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mechanical ‘effects’ of the blood-pressure. What is the dilatation = 
due to? | if 


Bearing in pra the work: iil has been de on the action of 4 
acids upon the blood vessels, especially that of Bayliss on the action 4 
of carbon dioxide, and of Schwarz and Lemberger, it struck me q 
that the dilatation was probably due to the action of asphyxial products 4 
abcoumulating in the abdomen during the obatruction of the sorta, or q 
vena cava, or of both together. The blood vessel wall is very sensitive | 
to these products. Since I could not find any previous work on the 4 
degree of sensitiveness of the blood vessels, I have performed some ; 
Fig. 7. Tracing of volume of denervated fore-limb (dog) and of carotid blood- pressure. q 
was obstructed. 
experiments on this point, using the method of Krawkoff e ef in j 
the paper of Pysemskyw). In this method the rabbit’s ear is used as 
the test object. It has many advantages. The whole experiment can 
be set up in twenty minutes after the death of the animal. There 
being very few muscles at the base of the ear, the organ does not tend 
to become cedematous. Moreover since the rabbit's ear generally has 
a temperature approaching that of the surrounding air, it can be treated 
as a cold-blooded organ. The big supply of sympathetic fibres to the 
ear makes it a good test organ for adrenalin. In fact with this pre- 
a paration it is easy to get a reaction to a dilution of adrenalin of 1 in 
a 250,000,000. After killing the rabbit with chloroform, I put a small 
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cannula in the posterior auricular artery, washed out the vessels by 


means of a syringe with Ringer's solution, and cut the ear off. The ear 
was then perfused continuously with Ringer's solution at the room 
temperature at a pressure of 30 to 40 cms. The outflowing drops were 
counted per minute. The following experiment shows the influence of 
eee — of acids: on the — of ace ear. 


Binger:—8, 8, 8. 
Lactic acid 0-05 % in Ringer —8, 10, 15, 20, 25, 36. 
Ringer :—88, 29, 24, 19, 14, 11, 9, 9, 8, (interval 18 mins), 8. 
Lactic acid 0°03 % in Ringer :—8, —, —, 21, 25. 
Adrenalin 1 in 10 million :—22, 10, 4, 2, 0. | | 
Washed out with Ringer at very high pressure :—0, (interval 17 mins), 6, bens) 6. 
Lactic acid 0-01 0% in Ringer :—6, 8, 10, 11, 12, 14, (6 mins), 14. 


Ringer :—14, 18, 11, 8, 7, 6, (10 mala) 6. 


Acetic and hydrochloric acid of the same aia as the lactic 


acid gave a similar dilatation. In one experiment I saturated the 
_ Ringer's fluid with 15% carbon dioxide in air and obtained a very large 


dilatation of the vessels, Even after saturating the Ringer with 7°/, 
carbon dioxide in air the outflow per minute was doubled. So that we 
are justified in concluding that the blood vessel walls are extremely 
sensitive to minute amounts of acid. 


In view of this marked sensitivity to asphyxial 1 I tried to 


obtain a dilatation of the vessels of the limb with no change in blood- 


pressure, ie, a dilatation due exclusively to asphyxial products, and 
to compare it with the reaction which was ascribed by Bayliss to the 


effect of diminished internal tension. For this purpose I clamped the 


brachial artery and the brachial veins simultaneously. In this case 


there could be no change in the volume of the limb (Fig. 8). During 
the whole time of obstruction it will be seen that the volume remains 


unchanged, but immediately the ligature is released there is considerable 


- dilatation of the vessels of the limb, During the obstruction asphyxial 
products were of course accumulating in the vessels of the limb, but 
these could not show their effect until the blood was let in and the 
vessels allowed to dilate under the normal pressure of the inflowing 
blood. I think these experiments show conclusively that the real 
factor at work in producing the dilatation of vessels observed by 
Bayliss was not the changes in the intra-arterial tension, but the 
influence of asphyxial products. As I have shown, the intra-arterial 
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tension is not concerned; the dilatation may occur with a rise or wit 

a fall of pressure or with no change at all. in . ves 
_ In a few experiments Bayliss found a local reaction to increased 
* and to diminished tension in excised arteries. He tied one end of the 
carotid artery, filled it with defibrinated blood, and connected it by an 
india-rubber tube to a mercury reservoir which could be raised or 
lowered. The artery was enclosed in an air plethysmograph, but some- 
times the reaction was seen without the aid of any instrumental 
mechanism. I repeated these experiments many times but could not 
detect any reaction of the vessels even with the maximum sensitivity 
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Fig. 6, % | 
the arrows the brachial artery and veins were clhmped simultaneously. 

of a piston recorder, At first I used like Bayliss a mercury reservoir 
but found that the mercury tended to displace the defibrinated blood 5 
and to fill the artery. Moreover, on raising or lowering the pressure, ’ 
the mercury entered in slow oscillations which tended to deform the a 
curves, For these reasons instead of a mercury reservoir I later used 
a simple syringe filled with the same fluid as the artery. By pushing 
and pulling the syringe I raised and lowered the pressure, As fluid 
I used defibrinated blood, hirudinised blood, or Ringer's solution. The 
artery was in an air plethysmograph or in a plethysmograph filled with | 
Ringer's fluid, and I worked sometimes at room temperature but usually 1 
at 33 to 39°C. The artery (carotid of dogs and cats) was taken at all 
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periods from immediately after death to five hours after death. I 
never succeeded however in obtaining the slightest trace of reaction on 
the part of the artery to changes in internal tension, and I am therefore 


inclined to say that there is no local reaction of the artery of the vessel 


wall to variations of internal pressure. At any rate, further experi- 
mental evidence is necessary before we can — such a — of 


the arterial wall as proven. 


1. The contraction of the blood vessels recorded 7 8 and 
regarded by him as a local reaction of the vessel wall to increased 


internal pressure is due in every case to the action of adrenalin, the 
secretion of which was increased under the conditions of his experiments. 


2. The dilatation of the blood vessela, ascribed by him to the effect 


of lowering of internal pressures, was due in each case to the direct 
action on the blood vessel wall of asphyxial products. 


3. A local form of reaction of the: blood: vessel wall to change of 


tension is as 
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Prof. Bayliss, and much regret that he was ee the time that 
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ABSENCE OF APNHA AFTER FORCED BREATHING. 


By WALTER M. BOOTHBY, MA, MD., Sheldon Fellow in 


NMolioine, Harvard University. 
(From the Physiological Laboratery, 


an is sulk known, forced breathing is usually followed by a ‘ied: ‘ 
of apnoea of more or less duration, depending upon the extent to 
which the forced breathing has been performed. It has, incidentally, 
been noted that in some subjects forced breathing is not followed b 
apnca; but so far as we know no case has been thoroughly studied 

in which forced breathing is not followed by apnea. This paper will be 
devoted to the detailed study of niy own case, as I present the apparently 
anomalous phenomenon, not merely of the absence of apnea, but even 


of a natural hyperpnoea succeeding forced breathing. 


_. Volumetric tracing of a forced breathing experiment, Fig. 1 is a 
tracing by means of the body plethysmograph described by Haldane and 
Priestley and represents with a high degree of accuracy the volume of 
air breathed. It will be noted that immediately following the period 
of forced breathing there is an interval of about half a minute in which 


there is a natural hyperpnœa nearly twice the volume of the normal 


respiration. Subsequent to this natural hyperpuca the tracing shows 


that the respiration diminishes in volume below that of the normal 


period. This diminution, though distinct, is obviously comparatively 


small; more accurate determinations will be considered later. 


Normal reaction to an increase of C0, To determine whether or 
not I reacted in the usual way to an increase of CO, I entered an air 
chamber in which the CO, percentage was progressively increased. 


With the door of the chamber open I determined my normal alveolar 
1 My sincerest thanks are due to Dr Haldane who has directed this research; to 


Dr Douglas who has rendered valuable aid; to Dr Florence Buchanan who was kind 


enough to investigate the heart-rate by photographing records with the capillary electro- 


meter; and to Mr Barcroft of Cambridge under whose direction the determinations of 
the dissociation curves were made. 


2 This Journal, XXII. p. 225. 1905. 
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CO,; the door was then closed and the percentage in the chamber 
raised by admitting CO, from a cylinder. After mixing with an electric 
fan and waiting five minutes to establish physiological equilibrium, 
samples. of alveolar air were taken at the end of inspiration and of 
expiration and these were analysed. Between the taking of the alveolar 
samples the inspired air was sampled and analysed by another observer. 
Four sets of observations were made and the results are given in Table I. 


e on the writer. Not only is apnwa absent but the forced breathing is immediately 
5 succeeded by a natural hyperpnos. After this there is » temporary decrease in rate 


and volume to below the normal. (Subject, W. M. B.) 


TABLE I. 
„„ 
4°08 19°60 
294 

5°77 18°74 6-82 | | 
6-06 | 511 33 
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W. M, BOOTHBY. 
This experiment shows that my alveolar ventilation is increased 


100 % by a rise of 22 to 23% in the alveolar CO, in the same manner 


as found by Haldane and Priestley. When, however, the percentage 
of CO, in the air breathed approaches the limit of easy toleration, the 
rate of increase is apparently diminished: possibly by a change in the 


rate of metabolism prodnéed by:the muscular effort of ‘breathing. The 


above calculation is on: the assumption that the metabolism remains 


constant. This experiment shows very clearly that my respiratory 
centre is just as sensitive to a very slight rise in alveolar CO, * * 


as in persons who become apnœie after forced breathing. 


Owygen want, In order to determine my behaviour to Own i 


1 breathed for a period of nine minutes into the apparatus described 


in Douglas and Haldane’s recent paper’. In this apparatus the air 
(about 15 litres) is continuously rebreathed, the CO, being absorbed. 
Air, instead of pure O,, was allowed to replace the O, absorbed, so that — 
the percentage of O, in the air breathed fell continuously during the 
experiment. At the end of the experiment an alveolar sample was 
taken, as well as a of air, the were 


follows 
00. 00 00.461 


Respiratory Quotient =1-51. 


Fig. 2. Experiment in which about 15 litres of air were continuously rebreathed by the 


writer for a period of nine minutes. The CO, was absorbed by soda lime, The 
inspired air at the end of the experiment contained 0-09 % of O0, and 8°59 % of O,; 


and the alveolar air 4°61 % of CO, and 5-46 „% of O,. 


Fig. 2 is the quantitative tracing of this experiment. From this 


and. from the analyses it is evident that there is a gradual though 
comparatively slight increase in the rate and depth of the respiration. 
On the whole, however, my breathing is not very greatly affected by 
O,-want, the amount of air breathed being hardly more than doubled; 


in this experiment my face became distinctly blue and there were 


tingling sensations in the extremities, slight giddiness and a — 
of senses, | 


75 This Journal, au. p. 806, Figs, 1 and 3. 
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apparatus for investigating respiratory exchange a series of fractionating 
experiments were carried out to determine the amount of CO, eliminated 
and the total respiratory volume during forced breathing and for various 
periods thereafter. In Fig. 3 two such experiments are graphically — 
shown, The curves may be taken to represent the debit and credit 
account: of the organism in its relation to CO, and air. It will be noted 
that the two minutes a large excess 


OF COMPENSATION 


with ite reserve supply of CO,. The points are determined by subtracting the normal 

(los determined by another experiment) elimination of CO, from that which actually 

occurred during the time - interval of the experiment; this point is then plotted from 
the point immediately preceding it, The total volume of air breathed minus the 
normal quantity is similarly plotted. 

The continuous lines represent as indioated the O0, and air for one experiment; 
and the dotted lines that of another experiment. Air is charted in litres; CO, in 
oubio centimetres, The duration in minutes of forved breathing fa shown to the left 
_ of the zero line and the subsequent time to the right of the same. (Subject, W. M. B.) 


1 This Journal, In. 1911. Proc. Physiol. Soe. p. xvii. 
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332. W. M. BOOTHBY. 
eliminated and in the period immediately following. there is a further 
excess of CO, eliminated corresponding to the natural hyperpnœa noted | 
in Fig. 1. After this there is a distinct and marked rise of the OO, 

stored in the body. In other words, while the body i proche js 8 ff 
normal quantity, during this subsequent period it is eliminating less 1 
than normal and the balance is being retained to repay tbe loan taken 
from the reserve supply by the forced breathing. It will be further 


or COMPENSATION 


Normal level of CO, production and volume of air breathed = 1 
00 
488 300 30 
49s 7 
800 80. 
600 60 1 

WM B. 


Fig. 4. Same as Fig. 3. In this experiment the time- intervals are of much longer ie 
duration. In addition is plotted a series of experiments by which was found the CO, 3 
ᷣͤ 
breathing of two minutes. (Subject, W. M. B.) a a 


Fig. 4 represents a similar 3 lasting for 15 mins, in which : 
each individual determination extends over a longer period than in the on 
last experiment. It can be seen that at the end of 15 mins the body 
has regained, by diminished elimination, nearly the whole amount of 
the CO, that was lost by the forced breathing. No such conservation is 
seen in regard to the total volume of air breathed. In the same figure 
is plotted a curve representing the fall and rise of the alveolar OO, 
during and after forced breathing. From a comparison of the two 
curves it is evident that the alveolar CO, returns much more 8 to 


its normal, or practically normal, level. 
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Fig 5 represents a similar experiment on Dr J. S. Haldane, who 
4 14 mins. of forced breathing has an apnoie period of 2 mins. 
duration; succeeding which is an interval of about 2 mins in which the 
respiration is of the Cheyne-Stokes type’. In comparison with my 
curve (dotted line) it can be seen that by means of the apnic period in 
Dr Haldane the balance of CO, is more rapidly re-accumulated than 
in a non · apnœio subject. In Dr Haldane the line representing the 
excess of air breathed rises distinctly more than mine, but in ee 
with- the rise of the 88 8 curve, 598 rise is very slight. 


FORCED PERIOD oF COMPENSATION. 
00 20 

300 30: 

400 40: 

500 30 

600 604 
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00 


re: © Same as Figs. 3 and 4, but for an apneic subject (Dr Haldane). The curve 
j 8 


a ag Though differing in detail the curves for both the apnœic and the 

non-apnceie subject are fundamentally alike. From them it seems 
evident that the conservation of CO, is an essential function of the 
organism. They strongly indicate that a diminution in the amount 
of C0, in the body is compensated for pretty rapidly, and that the 
body is not forced to rely on one method of redeeming the balance, 
inasmuch as the blood and the circulatory system are with the * 
equal partners in regulating the process of respiration. 

a Dous las and Haldane. This Journal, xxxvII. p. 401. 1909. 
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334 M. BOOTHBY. 


Blood. It was considered possible that the hyperpnœa ty. ‘aout 


1 forced breathing might be due to a high degree of Or want as 


a result of some peculiarity in the oxyhemoglobin dissociation curve 


with a decreased percentage of CO,. Advantage was therefore taken of 


a short visit to the Cambridge Physiological: Laboratory to make | 
_ several determinations of the percentage saturation of my blood at 
17 mm. O, pressure in the absence of CO, Similar determinations — 


were made at the same time of the blood of Mr Barcroft. My blood 


: gives a saturation of 77.1%: that of Mr Barcroft 779 %. In shorts 
within the limits of experimental error the two bloods are identical at 


this point of the curve; it is highly improbable that they vary 


appreciably at other points. The curve for Mr Bareroft's blood has 


* 


4 


PERIOD oF COMPENSATION 


: Fig. 6. Heart-rate for W. M. B. and Dr Douglas plotted from photographic records ae 


made with the capillary electrometer by Miss Buchanan. 


been shown to be slightly different from that of the blood of Dr Haldane 


and Dr Douglas, but as the difference is small, and Mr Barcroft is 


5 apnœio after foreed breathing, just as are Dr Haldane and Dr Douglas, 
it is clear that the absence of apnca in myself is not due to anything 


abnormal in the dissociation curve, 


Heart-rate. Miss Florence Buchanan has kindly determined, 


from photographic records similar to a number, the results of which she 
bas already published, the rate of the heart during and after forced 
breathing in myself (a non-apnosic subject) and in Dr Douglas, who 
becomes apneic. Fig. 6 represents the results obtained. In both 
cases within ten seconds of thé commencement of forced breathing the 
—— re 55 and 65 to 95 and 100, at 


8 
| 
* 2 
. — 
* 
1 
5 
4 by 
, 
4 
2 
ws 25 
IY 
5 
* 
2? a 
Wai 
100- 
* 
90 
— * 
| * 
1 
v 
* 
* 
* 
* 
4 
4 
9 
~ WM.B = 
“<9 
I 
8 
4 
* | 
* 
3 ] ßê ᷣ-1—— 
aS 
2 
* 
te 
8 
1 
4 . 
“Jaa 
vag 
1 
2 x 
i 


which 1 it remained idan the forced breathing On stopping 
forced breathing the fall of the heart-rate in my case is seen to be very 
rapid and to reach its normal within 70 secs, while the rate for 
Dr Douglas does not reach its normal for four minutes. 

Blood pressure. The effect of forced breathing on the blood-pressure 
in the case of myself (non-apneic subject) and Dr Haldane (apneic 
subject) is represented by Fig. 7. My blood-pressure is seen to fall 
from its normal of 120 to a level of 100 mms. Hg by the end of 2 mins. 
of forced breathing and it does not return to its normal for a period of 
4 mins,; the blood-pressure in the case of Dr Haldane is unaffected 
by forced breathing. Therefore the evidence as obtained by a study of 
the blood-pressures in the two classes of subjects is consistent with an 
assumption that my circulation i is after foreed is that 


FORCED 
FORCED PERIOD or COMPENSATION 


8 Fig. 7. Blood-pressure of W. M. B. in comparison with Dr Haldane. 


| . Nate of blood-flow. An attempt was made to determine the rate 
at which the blood passes through the lungs by means of the method 
recently described by Krogh and Lindhard’ The results were, 
however, too irregular to admit of any certain conclusion being drawn 
from them. The details of these experiments and the ae used 


SUGGESTED EXPLANATION. | 


At this stage in our knowledge of the subject we cannot be dogmatic 

in our views of the method by which the organism conserves its CO,. 
It is therefore with hesitancy that the following explanation of my case 
is offered. As soon as there is an appreciable decrease in the CO, 
e in the arterial blood the arterioles and * respond by 


1 Skand. Arch. f. Physiol. ee 1912. 
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contracting in an attempt to diminish the volume of blood passing 
through areas under their control. It also seems probable that the 
vessels in the more highly specialised organs might in some individuals 
react more promptly and more effectively to a diminution in CO, 
Krogh has recently called attention to the very important part played 
by the supply of blood to the heart in regard to its volume output per 
minute. As yet we understand very little in regard to the mechanism 
by which the venous supply of blood to the heart is regulated. 
‘Nevertheless the work of Henderson, as well as that of Krogh, 


suggests very strongly that it may be dependent (at least in part) on 
the CO, percentage in the venous blood. In that case forced breathing 


would bring about a marked diminution in the volume output per 


minute. On the above assumptions it is conceivable that in my central 


nervous system in general, and the respiratory centre in particular, the 


decreased circulation maintains the CO, tension at near its normal 
level; on the other hand this slowing brings about a condition f 


O want, and in consequence the presence of lactic acid or similar 
exciting substance, in conjunction with the CO,, keeps the respiratory 


centre excited, this explaining the phenomenon noticed in myself of a 


natural hyperpnœa following forced breathing. As soon as the acute 
condition of Or want wears off and the circulatory system has had time 


to readjust itself, the hyperpnœa decreases, and finally the breathing 
_ becomes subnormal. The circulatory system continues in my case to 
play a more obvious rde than does the respiratory system in bringing 


about the reaccumulation of CO,. 
Note on the application of the above data to the phenomenon of shock. 


A few words may be added as to the well-known subjective symptoms 


produced by forced breathing, such as giddiness, confusion, tingling of 


the skin, spastic ‘contraction of the muscles, trembling, etc., as well as 


the production of the much more serious condition of shock described 


by Henderson. My work was originally begun with the object of 


investigating the cause of these symptoms and in particular whether 
they could be explained by local want of oxygen in parts of the central 
nervous system. For such want of oxygen there are two probable 
causes: one being a diminution of blood supply, and the other a shifting 
of the oxyhemoglobin dissociation curve of the blood, due to the 
diminution of partial pressure of O0, in the arterial blood. The 


symptoms are produced even when apnea is not caused by forced 


breathing. Assuming that the explanation given above of the absence 


of apnœa is correct, and that the symptoms are really caused by O,-want, 
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they would be mainly due to a slowing of the circulation in cases of the 
non-apneic subject such as the writer, and to a shifting of the dissocia- 
tion curve in cases of the apneic subject. The shifting of the curve 
in the latter class of subjects may be a very great one; its possible 


‘amount may be gauged from Fig. 4 of the recent anes ry Douglas, 
J. 8. 8 and J. B. S. Haldane’. 


(1). In spite of the absence of apnea after 3 n in some 
individuals the loss of CO, in consequence of the forced breathing is 
made up within a few minutes, though not 80 rapidly as when apnea 
occurs. 

() The absence of apneea after forced is doe to 

a compensating diminution of the circulation through the centre, in 

consequence of which the gas tensions in the centre are still capable of 

‘This Journal, 1912, 
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THE ACTION OF CARBON DIOXIDE ON THE 
VASCULAR SYSTEM. Br S.ITAMI. 


(From the Institute of Physiology, University College, London'.) 


A RISE of blood-pressure has long been known as a characteristic of 
asphyxia, It has been shown that this rise may be brought about by — 
either of the two blood changes which occur in asphyxia, te. by the 


increase of the tension of carbon dioxide in the blood, or by changes due 
to diminution of the oxygen tension, and that the rise of blood-pressure 
from both causes is generally brought about by an excitation of the 


vaso-motor centre. A full analysis of the factors responsible for the 


rise caused by an increase in the carbon dioxide tension of the blood 


has not yet been made, although the rise is in part due to stimulation 
of the vaso-motor centre (Traubea), Mathison@). We know also that 
increased tension of carbon dioxide has a direct action upon the heart; 
not only does it cause increased diastolic and systolic volume, that is, 
dilatation of this organ, but in moderate doses—8 or 10 p.c.—it increases 
the output at each beat, so that the amount of blood passed through 
the heart into the arterial system is increased (Hendersonw, Jerusalem 


and Starling@). 


At the suggestion of Professor Starling I have attempted to deter- 


mine the relative parts played by the central nervous system, by the blood 


vessels, and by the heart, in the rise of pressure caused by increased 5 
‘tension of carbon dioxide in the blood. 


The experiments were as a rule carried out on small dogs, but cats 


and rabbits were occasionally used. In every case the animal was fully 


anesthetised throughout the experiment with A. O. E. mixture, chloral 


hydrate, or urethane, curare being in nearly all cases given in addition 
1 The experiments described in this paper were completed three years ago. Their 


interpretation at the time was not however clear, and their publication was postponed | 
ufitil-subsequent work should throw further light on the subject. The clue to their 


interpretation has now been given ee ee this number of 


the Journal, E. H. Starling. 
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CARBON DIOXIDE ON BLOOD VESSELS. 339 


in order to prevent spontaneous respiratory movements. The vagi were 
in all cases cut. The change of volume in the blood vessels was 
registered in the usual way by means of a piston recorder connected 
with an intestinal plethysmograph (Edmunds’ form), or with a glass 
limb plethysmograph. The heart volume and output were recorded by 

the methods described by Jerusalem and Starlingo. Care was taken 

to keep the animals warm and to warm the air used for artificial 

respiration. Gas mixtures of known composition were administered by 
free artificial respiration by means of Meyer’s double action pump. In 

every case 25 to 30 p.c. of oxygen was added to the mixtures in order 
to be certain that we were dealing only with changes in carbon dioxide 


om the blood vessels. 


‘The original object of the experiments desoribed i in this section was 
to determine whether moderate percentages of carbon dioxide—about 
10 p. had any direct action on the vessel wall. Bayliss has shown 
that in the frog’s vessels carbonic acid has an action similar to that of 
dilute lactic acid in producing dilatation. Bayliss however used in 
his experiments Ringer's solution saturated with carbon dioxide so that 
the tension of the carbon dioxide was equivalent to a whole atmosphere. 
Such tensions can never occur in the animal body, and I have not 
extended my experiments to anything like such high tensions. 

At the time when these experiments were performed, no satisfactory 
; explaiation of the facts observed could be given; but this has been 
supplied, as will be shown later, by the recent work upon the relation 
of suprarenal glands to circulatory changes, — that of Elliotts : 
and of Anrep«. | 

If the fore-limb or hind-limb be 3 in a plethysmograph the 
administration of a mixture containing 10 to 12 p.c..carbon dioxide 
causes a marked rise of blood-pressure, associated with constriction of 
the vessels of the limb. In order to exclude the action of the central 
nervous system on these vessels, in several experiments I cut all the 
nerves to the limb and then repeated the observation. I found to my 
surprise that the constriction of the limb was as marked after section of 


its nerves as before. It was thought at the time these experiments were 


performed that this constriction could be brought about in one of two 


9 = ways, either by a direct en action of the carbon dioxide on the 
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vascular wall, o on the other hand, by the reaction of the arterial wall 


to an increase of internal pressure, described by Bayliss. The 
constriction of the limb vessels following administration of carbon 


dioxide might have been due to 4 response to a rise of internal pressure 


from constriction of vessels in other parts of the vascular area,—eg. the 
splanchnic vessels, the result of central stimulation. It was necessary 


therefore first to exclude any rise of general blood-pressure while 


testing the effects of increased tensions of carbon dioxide on the volume 
of the blood vessels. This I effected in two ways. 

In the first set of experiments I excised or destroyed the spinal 
cord from the second dorsal nerve downwards. After this procedure, 
administration of carbon dioxide up to 10 p.c. gave either a very small 
rise of pressure due to increased cardiac output, or produced no change 
at all. The volume of the limb in the plethysmograph followed 


passively the curve of blood-pressure. There was in this case at any — 
rate no evidence of a direct constrictor effect of the carbon dioxide on 


the blood vessels. 
It might be objected that in this ee the blood-pressure and 


the circulation, as a result of destruction of the cord, were extremely 
low, so that the vessels could not be regarded as being under a normal 
condition or receiving their proper quota of blood. It was necessary 
therefore to be able to supply the limb with blood at any desired 
pressure while cutting out altogether any action of the central nervous 
system on the vessels of the limb. This I effected by a modification of 
the arrangements used by Jerusalem and Starling«. In this method 


a heart-lung preparation is employed in which the arterial pressure, i.s. 
the pressure at the beginning of the aorta, is maintained at any desired 
height by the position of the tube communicating with the aorta in the 
mercury vessel. By lowering or raising this tube we can put the 
pressure up or down at will. In my experiments, instead of ligaturing 


all the branches of the aorta except that leading to the mercury valve 
and manometer, I left the way open through one subclavian artery; the 
_ way back to the heart through the subclavian vein was also left intact. — 


Administration of CO, could: thus alter the output of the heart but 


could not have any effect in altering the pressure at the beginning of | 


the aorta from which the blood to the subclavian artery was supplied. 
It was found that under these conditions also administration of carbon 


dioxide in tensions up to 10 p.c. gave no change in the volume. of the 
limbs, 4.6. it had no direct action either of constriction or dilatation o on 
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‘ CARBON DIOXIDE ON BLOOD VESSELS. 341 
: - Incidentally in these experiments the effect of a rise of pressure 
5 mechanically produced by altering the level of the mercury regulator 

4 was observed. The rise of pressure produced. no effect other than a 

1 passive dilatation of the limb. 

1 As a result of this series 8 eee the following facts were 
established: 
5 1. In the intact animal constriction of the fore-limb vessels 
& accompanies the general rise of blood-pressure caused by carbon dioxide. 
| 2. This constriction is equally well shown when the nerves to the 

| fore-limb are cut, but does not occur when the upper dorsal cord is 

: excised or when the dorsal cord is cut across. 

a : 3. The constriction is not due to direct action of carbon dioxide 
ay upon the vessel wall, nor is it due toa reaction of the vessel wall to 
5 raised internal pressure. 

5 In the light of Anrep’s work it is clear that the factor 8 to 
. explain these apparently anomalous results is supplied by a consideration 
5 of the variations in the secretory activity of the suprarenal glands. In 
* the animal with central nervous system intact the secretion is poured 
into the blood stream in increased quantity during the stimulation of 

. the medullary centres by carbon dioxide, and its effect is manifested 

* quite as well upon the vessels of the ſore - limb deprived of nerve supply 
. as upon the intact limb (cf Anrep). When the spinal cord is cut, 
* outgoing impulses from the medullary centres do not reach the supra- 

a renals and no increase of secretion results. Likewise in the isolated 
1 heart-lung circulation the exclusion of the suprarenals from the 
ak circulation explains the absence of active response of the limb * 

. heart 7 in the rise of blood-pressure, — 

i Since the direct action of the vessel wall takes no part in the rise of 

blcod- pressure produced by administration of mixtures cpnitaining excess 

5 of carbon dioxide, the only two factors which can be involved are an 


increased action of the heart, and vaso-constriction: resulting from 
stimulation of the central nervous system. In order to determine the 
relative parts played by these two factors, I carried out a series of 
experiments in which simultaneous records were made of the cardiac 
volume and output, of the volume of the intestine or hind-limb, and 
of the blood-pressure. If the increased output of the heart under 
the influence of carbon dioxide is an important factor, the rise of 
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blood-pressure must be associated with increased cardiac oslo per 
minute. On the other hand, increased activity of the vaso-motor centre 
would be shown by a rise of blood-pressure coinciding with a constriction — 
of the intestinal vessels. The results obtained may be summarised as 
follows : * 
With about 5. p.c. carbon dioxide the cardiac output increased, the 
blood-pressure rose slightly ; there was no marked change in the volume 
of the blood vessels, This is illustrated in Fig. 1, and in the succeed- 
ing table; it will be noticed that the rise of “spade ates is 5 
18 for by the increased cardiac hate | 


co, 4˙5 % on 00 
00, of „%% 


. blood-pressure. Time=10 secs. Gaps in tracing=70 secs. ee 
Fig. 2 Effect of 12 p.o. carbon dioxide. in den volume record, upstroke diastole. 
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With 8 to 10 po. of carbon dioxide, the cardiac output was 
increased and the intestinal vessels were constricted; the arterial 
pressure rose considerably, sometimes to twice its original height. 


- Occasionally the rise of blood-pressure commenced at a period when 


there was no increased cardiac output,’ but in the latter portions of the 
rise increased output was a factor. This is illustrated in Fig. 2. 
With carbon. dioxide above 12 p.c., the first effect upon the heart 


was a rapid dilatation, affecting the systolic volume more than the 


diastolic, so that there was an actual decrease in output. The blood- 
pressure however rose considerably; this rise was associated with a 
constriction of the blood vessels, and was entirely due to a direct 
stimulating action of the carbon dioxide upon the vaso-motor centre. 
In one case the primary constriction due to a high percentage of carbon 
dioxide was followed at the height of the rise by dilatation. 

It was pointed out by Jerusalem and Starling that in cate 
carbon dioxide above 12 p.c. decreased the cardiac output. It is worthy 
of note that in my experiments this decrease was primary, and if the 
administration of the gas was persisted in, was succeeded by an actual 
increased output, a result also seen by Mathison@. This improved 


action of the heart, seen in the intact animal but not in the isolated 


heart-lung circulation, is perhaps due to the effect upon the heart of 
increased secretion of adrenalin. With these high percentages an 
increased irritability of the heart is frequently apparent. In several 
cases, directly after discontinuing administration of carbon dioxide, 


the blood-pressure suddenly fell to the base line, and the heart was 


observed to pass spontaneously into a condition of delirium cordis, a 
condition not infrequently seen as a result of the injection of adrenalin 


(Levy and Le wisao). 


With moderate percentages of carbon dioxide there is usually 
slowing of the pulse even when the vagi are cut. With vagi intact 
high percentages of carbon dioxide may cause complete inhibition of 


the heart. 


We are, I think, justified in concluding from these results that with 


small percentages of carbon dioxide the rise of blood-pressure is chiefly 
due to increased action of the heart pump; but that with higher 


percentages—above 8 p.c.—active constriction of the blood vessels from 
stimulation of the vaso-motor centre (and probably from increased 


activity of the suprarenals) is the more important factor. 
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THE COAGULATION OF MILK BY RENNIN. By 
JOHN MELLANBY, M. D., Lecturer in n St Thomas's 
Hospital Medical School. 


From the Laboratory, he Physio 
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Introduction. The work of Hammarstenw on the coagulation of milk 

by rennin showed that in the formation of casein from caseinogen a 
double process is involved—the rennin converts the caseinogen into 
paracasein or soluble casein; the calcium salts present in the milk, 
precipitate the paracasein as casein. These statements have been 
confirmed by subsequent workers, 

But recent work on the coagulation of milk has been dominated by 
the hypothesis put forward by Pavlovo in a preliminary communica- 
tion in 1901, and published in detail by Pavlov and Parastschuko 
in 1904, that rennin and pepsin are identical. This hypothesis was 
based upon the ubiquitous nature of the rennin enzyme, its constant 
oceurrence with a proteolytic enzyme, and the similarities of its 
resistances to destructive agents with those shown by pepsin. 
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In 1901, and independently of Pavlov, Nencki and Sieberw put 
forward the hypothesis that the milk clotting and proteolytic properties 


of gastric juice are due to different side chains of the same molecule. 


Pavlov's hypothesis, that the milk ooagulating property of gastric 
juice is due to pepsin has been supported by the experimental work 
of Winogradow®, Gewin®, Sawjaloffm, Jacoby, van Damo, 
Funk and Niemannao, and Michaelisan. 


But the hypothesis as to the identity of gastric rennin and pepsin | 
has not been generally accepted. Hammarstents regards the two 
ferments as distinct and separate and has brought forward a mass of 


evidence in favour of his contention. Among other observations he 


finds that both pepsin and ‘rennin are precipitated by magnesium 
carbonate or lead acetate but subsequently rennin only is soluble; that 


when a mixture of rennin and pepsin is heated to 40° C. rennin is more 


rapidly destroyed than pepsin and pepsin ultimately remains; that an 


extract of calves’ stomach readily coagulates milk whilst an extract of 


dogs’ stomach does not, and that both peptic and coagulating effects 


are quite different. Hammarsten’s views are supported by the ex- 
perimental evidence of Rakoczyu», Tay lord, van Hasseltus), and 
Porterao. 


It has been recognised for some time that not ao gastric juice but | 
also pancreatic juice coagulates milk. Any hypothesis, therefore, which 


may be adopted from experiments on the coagulation of milk by gastric 


rennin should be capable of being extended to the coagulation of milk 
by pancreatic rennin. Kuhne pointed out that extracts made from 


the pancreas. of a dog caused milk to coagulate: Sir William 


Robertsa” investigated the paracasein reaction of milk. Edkinsay 
determined the influence of various conditions on this coagulation. 
Brodie and Halliburtondo investigated the whole process in detail 


using pancreatic juice obtained from fistuls in dogs. As a result of 
their observations they concluded that the coagulation of milk by 
pancreatic juice is essentially different to that caused by gastric juice. 
Vernon investigated Roberts paracasein reaction of pancreatic 
juice and concluded that this reaction depends upon pancreatic rennin 
885 not upon trypsin. 


Methods. In the following experiments two main problems have 


heb investigated : the ultimate mechanism involved in the — 
of milk by rennin, and the nature of rennin. 

The experiments detailed were done on fresh milk and comparative 
experiments were always done on the same specimen of milk. The 
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gastric rennin used was obtained by dissolving Armours scale pepsin in 
water, or by diluting a glycerine extract of pepsin. Both these prepara- 
tions were extraordinarily efficient in coagulating milk under optimal 
conditions. For pancreatic rennin a glycerine extract of the pancreas 
was used. 1 C. c. of a solution obtained by diluting this glycerole of 
pancreatin with one hundred volumes of water was an efficient coagulant 
of 3 C. of suitably prepared milk. | 

The times of coagulation of the milk were determined by noting the 
first appearance of discrete particles. When the coagulation times were 
comparatively. short (under ten minutes), the appearance of these 
_ discrete particles gave a particularly sharp endpoint; with longer 
coagulation times the endpoint was not so well marked, but in these 
cases the comparative error was not of such a magnitude as to obscure 
the significance of the experimental results, . 


_ THE COAGULATION OF MILK BY GASTRIC RENNIN AND” 2 
PANCREATIC RENNIN. , 


‘The effects produced by varying conditions on the i ii of 
milk by gastric rennin and pancreatic rennin are considered together 
in order that the fundamental similarity of the milk coagulating process 
caused by these two rennin enzymes may be appreciated. Pancreatic 
rennin has not been generally recognised and it may be useful to 
state the conditions under which this ferment manifests itself. 
V. J. Woolleyay and I showed that a glycerine extract of fresh 
pancreas or pancreatic juice itself has no coagulating action on milk, 
Dilution with water of a glycerine extract of the pancreas or addition 
of enterokinase to pancreatic juice develops this power in them. 
Again the milk coagulating property of activated pancreatic juice is 

not so evident as in gastric juice since milk contains too little calcium 

salt for pancreatic rennin to produce a typical coagulum in it. But 
milk to which calcium chloride has been added coagulates in a typical 
manner after the addition of minute quantities of activated pancreatic 
In the coagulation of milk by rennin three substances are essential, 
caseinogen, rennin and a calcium salt. The effects of varying these 
factors on the coagulation process are shown in the following ex- 
periments. 
(a) Rennin variable. Winogradow® showed the inverse pro- 
portionality which exists between the coagulation time of milk and the 
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3458 MELLANBY. | 

amount of gastric rennin added. This observation was confirmed by 
Fulda. 

The following figures show the W between the coagulation 
time of milk and the amounts of gastric and pancreatic rennin added. 


The milk to which the gastric rennin was added had been diluted with 


an equal volume of CaCl ‘05N; the milk to which the pancreatic rennin 
was added, had been diluted with an equal volume of CaCl, sais mee 
was increased in amount to ensure 


"05 0. 0. 80 mins. 15 C. 0. 60 mins. 
2 ” 55 
2 „ „ 25 „ 8 „ 
6 11% 8 
50 secs. 13 „ 
19 „ 40 „ „ 1 * 


Pancreatic rennin coagulates milk as readily as gastric rennin 


provided the calcium content of the milk be raised to an adequate 


amount. Further the same law holds for the two coagulations—with 


large amounts of rennin and quick coagulation times the time of 
coagulation is universely proportional to the amount of rennin added; 
with small amounts of rennin this proportionality i is lost the times of 


coagulation being indefinitely extended. 


(b) Caseinogen variable. Precisely similar results are obtsined 5 


when the amount of caseinogen is varied and the amount of rennin 
added i is kept constant. These experiments were made by determining 
the quantity of calcium in the milk, and, on diluting the milk in order 
to vary the caseinogen, the requisite amount of caleium required to keep 


the percentage of calcium constant, was added. The volume was constant — 


Cong. by 2 ¢.c. of gastric rennin _ Cong. by 2 Ce. of panc, rennin 
Cong. time Coag. time ~ 
1 0.0. 8 mins, 1 0.0 1 min. 

2 »” 5 90 2 * 1h „ 

4 „ 4 „ 

„ 154 » 5 „ 54 „ 

6 „ 14 „ 

7 „ no coag. in 1 hr » 


can be varied not only by altering the amount of rennin but also. by 
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altering the amount of caseinogen—in fact that the coagulation times 

in the two cases are fundamentally similar. The results indicate 
that a definite union takes place between the rennin and caseinogen, 
1 and that the time of coagulation of milk is dependent upon the 
- quantities of rennin and caseinogen involved in this union. 

(o) Calcium variable. Reichel and Spirou extended Wino- 
gradow’s observation as to the reaction velocity of milk coagulation and 
showed that a similar inverse proportionality exists between the time 
taken by a definite quantity of rennin to coagulate milk and the amount 
of calcium present in the milk. The dependence of the coagulation — 
time of milk upon the amount of calcium — is well shown in * 


ve 
7 
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following figures. | 
Coagulation by “4 e. d. gastric rennin Coag. by 1 ¢.c. pane, rennin 
CaCl, in milk Cong. time n time 
ON mins. 026N 29 mins, 
NM 088 N 
05 N 
07 N -046 N 


The effect of altering the calcium content of milk in the coagulation 

time is similar to the effect observed on altering the amount of rennin. 

(d) . Volume variable. In the following experiments in every case 

the quantity of caseinogen and rennin was the same but the volume 

varied, the change in volume being so made that the a of 
calcium in the fluid was kept constant. 


Volume Milk CaCl, CAN) Gastric rennin (1%  Coag. time 


10 0.0. 5 0.0. 20. o. 
„ 5 „ 4 „ 2 „ 
25 „ 5 „ 1’ 25” 


The constancy of the time of coagulation under these conditions 
affords strong evidence that in the coagulation of milk the gastric rennin 
and caseinogen are chemically related to one another whilst the calcium 

salt acts by virtue of the charge on ite ions. 
The same striking result was observed when ee 
| — rennin under the. same conditions. 


Volume CaCl, 025 N time 


246%. 10,8. 10.6. 4 mins. 
1 „ 8h „ 
29 „ „ 
5 „ 99 „ 
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1 COMPARISON OF THE EFFECTS OF CALCIUM, BARIUM, STRONTIUM 
AND MAGNESIUM CHLORIDES. 


No direct comparison of the efficiencies of — rennin iia 
gastric rennin to coagulate milk can be made since there is no method 


of determining the absolute quantities of these ferments contained in 


any solution. But interesting results are obtained from a comparison 
ok the effects produced by salts on their coagulating activities. 
Calcium chloride. The following is an example taken from a series 


olf experiments, The milk was diluted with three times its volume of 


water. The figures give the proportions of calcium: salt and gastric 
rennin required to produce coagulation in approximately two minutes: 


8 


6N 


150 


isi these * it is 1 that the dilation of the calcium : 


content of milk below a minimal value (approximately 07 / CaCl,) 


entails the addition of a comparatively large quantity of gastric rennin 
to produce coagulation. A similar diminution in the quantity of rennin . 


added does not demand a corresponding increase in the calcium salt to 
produce coagulation. Generally stated a large amount of gastric rennin 
is required to produce coagulation in calcium poor milk but a corre- 


_ spondingly large amount of calcium is not required to produce coagula- 


tion in milk to which a minimal amount of rennin has been added. 
Precisely similar facts were observed in the coagulation of milk by 

pancreatic rennin. The following figures are taken from a detailed 

series of experiments and show the quantities of calcium and pancreatic 
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rennin required to produce a congulation time of approximatély ite 
— — 


*. 
| 
AN 
BN Coagulation in five 
150 ; 


the solutions did not coagulate, are included to illustrate the point that 
when the calcium content of the milk falls below a minimum value then 
no increase in the amount of pancreatic rennin added produces coagula- 
tion. A similar fact was shown to hold for gastric rennin. With 
pancreatic rennin the minimal calcium content of the milk required for 
coagulation is approximately 11% CaCl,. In coagulation by gastric 
rennin a fall in the calcium content of the milk below 07 / CaCl, 
entails the addition of a large quantity of rennin; but even when the 
calcium content is reduced to 04% CaCl, coagulation is produced after 
the addition of a very large quantity of gastric rennin. 

Barium, strontium, calcium and magnesium chlorides. Milk. was 
diluted with three times its volume of distilled water. This diluted 
milk did not coagulate after the addition to it of gastric rennin or 
pancreatic rennin. In order to produce coagulation some salt containing 
a dibasic positive ion of the alkaline earth series was added to it. The 
comparative efficiencies of these salts were determined from a large 
series of experiments. The following table gives the amounts of pepsin 
solution required to produce coagulation in one minute of 3 00. hs 
diluted milk containing ‘02N of each of these salts. 

Galt N dme. of pepsin (i: ioo) 
— 

All these salts are Miciive i in producing the coagulation of milk ‘ey 

gastric rennin. Gn. chloride is most effective, and magnesium 
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ie is least efficient whilst barium and strontium chlorides occupy 
intermediate positions. 


Precisely similar results were obtained from experiments on the 
coagulation of milk, containing these salts, by pancreatic rennin. The 
ability of these salts to replace one another in the rennin coagulation 
of milk is in marked contrast to the specific action of calcium in the 
coagulation of blood, Calcium ‘salts are essential for the generation of 
fibrin ferment from prothrombin, and calcium cannot be — 195 
salts of barium, strontium or magnesium. 


ADSORPTION OF RENNIN BY THE COAGULUM AND BY 
EXTRAVENOUS PROTEINS. — 


The following experiments were made to determine 8 any 
evidence could be obtained of the union of caseinogen and rennin when 


coagulation occurred. A solution of caseinogen was made in the way 
described by Ringeras. Milk, diluted with ten volumes of water, was 


‘precipitated by acetic acid, and the precipitated caseinogen after 
adequate washing was suspended in distilled water and ground up with 
powdered calcium carbonate. The milk white solution so obtained was 


placed in an ice chest for 24 hours, At the end of that time the 


excess of calcium carbonate had settled to the bottom of the flask 
and the fat which had been precipitated with the caseinogen had risen — 
to the surface. This e of caseinogen was used in the 8 3 


experiments. 
Remain wae edd to of and he tine of 

noted, thus: 

(A) N 1.0 Rennin (u time 


4 0. 0. 1 0.0. 40. % 1 0.0. 10 sees. 


The fluid i (0) wa expand from theo, (were ded mow 


caseinogen solution and the time of coagulation noted. 
305 Caseinogen CaCl, AN HO Cong. time 
40. 0. 8 0. o. 5 0.0. 1 min. 


A experiments were made using varying quantities of ferment 
in the original tubes. The following 1 give the —— x 


times: 

0 1 0.0. rennin | 10 secs. 228 20 secs, 

a (Expressed fluid 1 win. d (Expressed fluid mins. 
b (Expressed Hue 1 1 min, © (Expressed fluid 84 mins. 


V«%•»„V min, 
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If no rennin bad been removed by the clot then the 3 of 
e in the tubes (a), (b), (e), (d), (e), (f), would have been 5 c.c., 
4c. 3 2 C. 0., ‘lec, 05 cc. Comparing the times of coagulation 
of (a) with (F) it is evident that even in this case when 1 ac. of rennin 
was added to the caseinogen there was less than 1 cc. of ferment left in 
the residual fluid. The experiment gives conclusive evidence that in 
the coagulation of milk the rennin is adsorbed by the caseinogen—the 
greater the quantity of rennin originally present the greater the quantity 
removed by the coagulum. 

In view of this fact the effect of finely divided coagulated egg-white 
or @ solution of peptone was tried. The result was to prolong the 
coagulation time. The following figures show that Witte's peptone 


„ 71 erm. peptone No coag. in 4 hrs. 
” „ erm egg-white 8} mins. 


This greater inhibitory effect of Witte’s peptone might have been 
anticipated from the fact that the peptone goes into solution and so 
presents a much greater surface for the adsorption of the rennin. The 
inhibitory influence of coagulated egg-white on the coagulation of milk 
by rennin affords strong —re" evidence that * rennin is 
with pepsin. | 


THE PRESENCE OF ANTI-GASTRIO RENNIN AND ANTI-PANCREATIC 
RENNIN IN SERUM. : 


The presence of auti- bodies and anti- ferments has long 8 recog- 
hised in serum. In view of this property of serum it was of interest to 
determine whether gastric rennin and pancreatic rennin were destroyed 
by it and if so whether the rates of destruction were the same in each 
case, A mixture of 1 c. c. gastric rennin, ‘2c.c. ox serum and 8 C. 0. 
water was made, After one hour ‘2c.c. of the mixture was added to 
2cc. of milk. Coagulation was not produced although a similar 
quantity of gastric rennin to which no serum had been added, coagu- 
lated the same quantity of milk in half a minute. It is evident, 
therefore, that serum contains a mee — of some rw soup 
destroys gastric rennin. 
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A similar experiment was made with pancreatic rennin. 
1 cc. 1 ee. Occ A,” 
** „ 2 „ Ay 
6 ” 4 ” A, 


— 


which prevents pancreatic rennin from coagulating milk. But the 


amount of anti-pancreatic rennin present in serum is much less than 


that of anti-gastric rennin. The experiment affords conclusive evidence 
of the eee between gastric rennin and pancreatic rennin. 


Tur ELECTRICAL STATE OF MILK DURING RENNIN COAGULATION. 


An investigation into the electrical state of milk during coagulation 
was demanded by the absolute dependence of the rennin coagulation 
on the presence of a minimal quantity of a divalent positive ion of the 


alkaline earths series in the milk. The determination of the electrical 
conductivity of milk during rennin coagulation was made by the 


ordinary galvanometer method for determining the conductivities of 
electrolytes, The electrodes used were carefully coated with platinum 
black before making the determinations. A mixture of milk and gastric 


rennin was put into the conductivity tube and the resistance determined 


after the lapse of varying intervals of time. The composition of the 
fluid in the tube, and its resistance after varying intervals of time was 15 


as follows :— 


Mk (AN) Rennin Resistance 
221 
20 „ 
222 „ 
Coagulation took place in three and a half minutes in the control 


ow © 


tube. From the above figures it may be seen that the resistance of the 
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RENNIN AND MILK. 855 
the and fifth siinates dering 
which’ time coagulation took place. The results gave no ‘evidence 
that during the rennin coagulation of milk the calcium’ ‘enters into 
combination with the caseinogen 80 as ie 8 

The: experimental work. detailed in the previous ‘pages an an 


insight itito two. problems connected with the rennin coagulation 9 


milk: the relation of rennin to proteolytic ann and the — 
‘nature of rennin coagulation, 

(1) The relation of rennin to proteolytic Serments. The hypoilisia 
is put forward that all proteolytic ferments coagulate milk provided the 
calcium content of the milk be adequate. Those, which’ like pepsin, 
aot in an acidic medium, require the presence of a relatively small! 
quantity of calcium salt in the milk; those, which, like trypsin, act in 
an alkaline medium, require the presence of a relatively large quantity 
of calcium salt in the milk, before producing coagulation. The 
ubiquitous distribution of the rennin enzyme and its association with 
ing tissue whether animal or vegetable can be readily appreciated or on 
the hypothesis that all proteolytic ferments coagulate milk. 


A comparison of the properties of gastric rennin and pancreatic 


rennin offers strong evidence in favour of the identity of rennin with 


proteolytic ferments. The differences between gastric rennin and 
pancreatic rennin are comparable to the differences between pepsin 


and trypein. Gastric rennin is destroyed by alkali, pancreatic rennin 


is stable in alkaline solution; serum contains a large quantity of anti- 
gastric rennin, but only a comparatively small quantity of anti-pancreatic _ 
rennin; gastric rennin requires the presence of a much smaller amount 
of calcium salt in milk to produce coagulation than pancreatic rennin: 
If it be postulated that the coagulation of milk is due to a special 
enzyme then it is necessary to assume that at least two different rennin 
enzymes exist. Probably the most conclusive evidence in favour of the 
hypothesis as to the identity of rennin with proteolytic: ferments is 
obtained from a consideration of the generation of these proteolytic 
enzymes from their precursors. The work of Langleyas, and of 
Langley and Edkins@® showed that just as pepsinogen is converted 
inte pepsin by the action of ‘hydrochloric acid so this acid converts the 


precursor of gastric rennin into rennin. Also a neutral or alkaline — 


extract of the eins mucous membrane neither digests protein nor 
24 
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results in the immediate production of pepsin and rennin. Further the 
east with which pepsin is destroyed by alkali and the comparative 
stability of pepsinogen in alkaline’ solution are paralleled by similar 
properties of rennin and its precursor in extracts of the gastric mucous 


membrane. Similar facts have been shown to hold true for trypsin and 


pancreatic rennin by Woolley and myself. A glycerine extract of a 


- pancreas neither digests protein nor coagulates milk. Dilution with 
water or addition of enterokinase to such an extract results in the 


production of marked milk clotting and proteolytic activities. Further 
we have now worked out in detail the conditions under which pancreatic 
rennin is produced in fresh pancreatic juice. These results (which will 


be described in a subsequent paper) afford the strongest evidence that the 


coagulation of milk by activated pancreatic juice is due to trypsin and 


arguing from this conclusion it is logical to assume that tlie coagulation 25 


1 by gastric rennin is due to pepsin. 


The identity of gastric rennin and pepsin has been discussed by 

numerous observers without any definite conclusion being reached. 
But in these discussions a number of important factors have not been 
fully considered. In any estimation of the comparative milk ‘clotting | 


and proteolytic activities of a solution it is necessary to note the very 


small quantity of rennin which coagulates diluted milk containing an 
optimum quantity of calcium chloride. In one experiment 000,002 grams 
of impure scale pepsin coagulated 2 C0. of milk in three minutes; in a 


second experiment ‘l cc. of a thousand fold dilution of a glycerine 


extract of pepsin coagulated 3c.c. of milk in four minutes. The solutions 


in the dilutions used did not digest fibrin or egg white, but in stronger 


5 concentrations showed all the properties of powerful proteolytic enzymes. | 
Another factor which must be considered in these comparative 


experiments is the rate of destruction of proteolytic enzymes. A test 


ſor a rennin enzyme ean be carried out in a few minutes and during 
this interval of time there is no appreciable destruction of it. But 


proteolytic determinations by means of congo red fibrin or Mett’s tubes 
take hours for their completion and in these prolonged experiments 


factors involving the destruction of the proteolytic enzyme have ample 1 


opportunities to exercise their destructive effects. Trypsin in an 


alkaline medium deteriorates at a very great rate especially if there is 
no protein present in the extract. If a solution of trypsin free from 


protein be made alkaline to the extent of -5*/, Na, CO, and coagulated 
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rapid that practically no digestion: of the égg-white may be Boted. 


If however a solution of egg albumin be used then well marked 
proteolysis ¢an be noted owing to the fact that the trypsin is protected 


5 . against destructive agents by the protein dissolved in the medium. 
3 But although protein in solution protects proteolytic enzymes against, 


the destructive action of other agencies it is important to recognise that 


proteins mask the milk clotting properties of rennin solutions. The 


addition of a solution of protein to a rennin extract diminishes the milk 
clotting property of the extract ; and it is possible to prepare a solution 
in which proteolyti¢ properties can be demonstrated by means of Mett's 


tubes in which rennin effects can be detected with difficulty. On the 


addition of protein to a rennin solution the ferment divides itself 


between the added protein and the caseinogen in proportion to their 


relative avidities for it and depending on this relation the een 


milk ‘clotting activity of the rennin solution is determined. 


Finally arguments have been brought forward against the 3 
thesis that gastric rennin is identical with pepsin insomuch that 
solutions which contain rennin are actively antipeptic and vice versa. 
These arguments depend upon the non-recognition of the fact that it is 
possible for one substance to produce two entirely different effects under 


different conditions and that these conditions may be inimical to one 


another. To take an extreme case—suppose a solution of pepsin 


contained 2% potassium oxalate. This solution even though gastric 


rennin were e with pepsin would show no milk clotting action 
and moreover would be actively anti-rennetic to any rennin solution 
which might be added to it. A similar inhibitory effect on milk o- 


agulation is produced by sodium chloride in larger quantities. Again 


take the case of an active milk clotting extract of the pancreas: The 
rennin activity of such an extract is largely augmented by the addition 
to it of a calcium salt and yet the presence of such a salt inhibits the 
action of the trypsin contained in it, owing to the calcium diminishing 
the effective alkalinity of any solution to which it may be added. 
(2) The nature of the processes involved in the coagulation of 
milk, Certain fundamental facts may be e in the b of 


| milk by rennin. These are: 


(a The inverse proportionality i) the 
rennin and coagulation time when the caseinogen and calcium are kept 
constant; (ii) the caseinogen and coagulation time when the rennin 


and calcium are kept constant; (iii) the calcium and sar or te time 
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) The loss of this proportionality when 60 the rennin falls 
W a certain minimum value; (ii) the calcium falls below a certain 


‘minimum value; (iii) the caseinogen rises above a certain maximum 


value, the minima and maxima in the above being functions of tbe 
relative quantities present of the other variables involved in the all | 


lation process. 


(o) The independence of the coagulation time on the volume of the 


aid in which the caseinogen and rennin are contained always — 
‘that the percentage of calcium salt is kept constant. 

(ad) The removal of a large quantity of rennin by the clot. — 
in thie ‘coagulation process. 


These experimental results may be explained on the e 5 


that in the coagulation of milk the rennin forms an adsorption com- 
pound with the caseinogen and this adsorption compound is precipitated 
dy the divalent calcium ion. The first process involves a distinct time 
factor; the second process is practically instantaneous. 

. ‘Tonieed calcium salts have a marked effect on the state of agprega- 


tion of the caseinogen contained in milk as was shown by Ringer@s in 
numerous investigations. The addition of calcium chloride increases the 
whiteness of milk although it does not produce precipitation. Again fre? 
milk can be boiled without producing coagulation of the caseinogen but 
milk to which calcium chloride has been added coagulates at varying 


temperatures depending upon the quantity of added calcium salt. 


But in order to produce coagulation (apart from acid coagulation) 


some rennin must be present. Calcium ions alone cannot precipitate 
caseinogen yet this same caseinogen weighted with adsorbed pro- 
teolytic ferment can be so precipitated, and the quantity of ionised 


calcium salt required to effect such precipitation is oT — | 


to the quantity of ferment adeorbed by the caseinogen. 
The hypothesis may be represented as follows: 


60 


() caseinogen @) ferment} 
Cat, (a' 64% 15 
With a definite ealciom content of the milk it is site sa the 
| formation of the complex (r) caseinogen (2) ferment} takes place in 


times proportional to the relative quantities of caseinogen and ferment 


present provided there is sufficient ferment to combine with: the case- 
inogen to the requisite degree of saturation, a degree which is in ture 


— — the — of calcium salt contained i in the solution. 
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If however the ferment added be Jess than sufficiént to combine with 
the caseinogen to form the complex (r) caseinogen (2) ferment] then 
a portion of the caseinogen must first be digested by the proteolytic 
ferment and only after a varying time does the proportion of fermerit to 
caseinogen become as () is to (4) and coagulation occur. The sudden 
loss of inverse proportionality in the curve expressing the relation 
of the coagulation time to the amount of ferment added corresponds to 
a point where the proteolytic ferment is present in too small a quantity 
to saturate the caseinogen and the delayed time in coagulation is due 
to the time required to digest the excess of caseinogen. 

- The relation of (a) to (zs), of caseinogen to ferment in the anes 


tion process, is determined by the calcium content of the fluid—if the 


calcium content be optimal then the required proportion of ferment to 
caseinogen jp small; if however the calcium content of the milk be 
minimal the proportion of ferment to caseinogen must be large before. 
coagulation occurs. But however much ferment may be added some 
divalent positive ion must be present before coagulation occurs; and 
similarly however much calcium may be added some ferment must be 


present before coagulation occurs. In the case of pancreatic juice 


if no. calcium salt be added to milk trypsin digests the caseinogen. 
and does not form a coagulum. This dependence of the comparative. 


amounts of caseinogen and proteolytic ferment in the protein-ferment. 


complex on the calcium content of the milk affords an explanation 
of the similarity of the effects observed on the coagulation time when 
the calcium or rennin content of the milk is increased. An increase 
in the amount of calcium present in the milk necessitates that fewer 
ferment groups should combine with the caseinogen before 1 
oecurs. 

The calcium 3 probably exerts its precipitating. action W 
of the electrical charge on the divalent calcium i ion. This hypothesis | 
is supported by two observations: 

(a) That the calcium salt can be replaced 1 any galt of ae 
alkaline earths containing a divalent ion (the salts 
strontium or magnesium) and 

(ö) That no change takes place in the electrical conductivity of the 
milk during coagulation. 

The question arises as to the difference between easeinogen and 
casein, a the difference between the protein in the milk and the 


precipitated, protein in the clot. When first formed the clot consists 


of an adsorption complex of caseinogen and proteolytic ferment. Even 
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if the activity of the ferment were destroyed immediately after the 
production of coagulation it is doubtful whether the ferment nucleus 
would be split off from the caseinogen so that the original caseinogen 


might be recovered. But in any experiment some ferment must be 


adsorbed by the caseinogen for an appreciable time before precipitation 
occurs and during this time it is probable that the process of digestion 


is initiated and the clot when formed differs by this degree of digestion | 


from the original caseinogen. The least change takes place when 
coagulation is produced by a minimal amount of rennin in the 


presence of an optimal amount of calcium. How slight these digestive — 
ehanges may be is evident from the controversy on the differences of 
caseiniogen and casein. These two substances possess identical physical! 


aud chemical properties with one exception only—a caseinogen solution 
is coagulated by rennin and calcium salts, a ‘solution of sein is not 
coagulated by this procedure. 

The comparative results obtained from experiments on 8 


rennin and pancreatic rennin throw some light on the controversy — 
whether when pepsin acts in an acid medium the pepsin combines 
with the hydrochloric acid; and similarly for trypsin and sodium 
carbonate, The coagulation of milk by pepsin requires the presence 
of much less calcium salt than that produced by trypsin; also acide 
assist the coagulation of milk and alkalies depress it. These two facts 


indicate that pepsin may be a complex containing hydrochloric acid 


and trypsin a complex containing sodium carbonate, the adjuvant effect 


of the acid and the depressant effect of the alkali being responsible for 
the greater quantity of calcium required by trypsin in comparison to 
pepsin to produce coagulation. But although pepsin may be a hydro- 
chloride of pepsinogen there is no indication from the experiments of 


Woolley and myself that trypsin is a sodium carbonate compound of 


trypsinogen. The more ready hydrolysis of proteins to amino acids by 
trypsin suggests that this ferment is a more effective proteolytic agent 
than pepsin and the smaller size of the trypsin-caseinogen aggregates 


would be in ‘accordance with the smaller number of trypsin 


— to hydrolyse the caseinogen. 


Again experiments on milk coagulation offer a ready nisthad for | 


2 the detection and estimation of proteolytic ferments, Milk diluted 
with four times its volume of 1%/, CaCl, is coagulated by small 


quantities of pepsin or trypsin. In quantitative experiments it is 
advisable to guard against precipitation of the caseinogen of the milk 
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pla tle calcium carbonate to the ferment 
solution until: it gives a neutral reaction to litmus. Further it is 
important to remember that large quantities of salt inhibit the 
coagulation: of milk and that the rennin properties of proteolytic 
ferment solutions are masked by dissolved protein. These difficulties 
may be overcome by the use of glycerine for the purposes of extraction. 
Glycerine readily dissolves ferments and the solutions so obtained 
retain their activities for considerable periods of time, whilst very ae : 
1 is contained in them. 

With short coagulation times. it may be assumed that the amount 
of ferment contained in , the solution is inversely proportional. to the 
time of coagulation, but in a series of experiments it is advisable to 
prepare a standard curve by taking a known solution of the ferment 
and determining the times of coagulation of milk after adding varying 
quantities of fe ferment under defined conditions. The quantity of ferment 
contained in an unknown solution can be ascertained by seeing what 
quantity of ferment corresponds to the same coagulation time on the 
standard curve obtained under similar to in 
of the standard curve. 


Summary, 


(1) milk by pancreatic renin flows the ame 
general laws as coagulation by gastric rennin. 
(2) Pancreatic rennin is a ferment entirely different a distinct 


from gastric rennin as is shown by | 


(a) the generation of these two ferments from their precursors 
in the gastric mucous membrane and the pancreas respectively ; 3 
the action of alkali upon them; | 
(c) the different quantities of snti-gaatric rennin and ug anti- 
creatic rennin in serum 
(d) the greater quantity of n salt require: i in wil to | 
produce coagulation by pancreatic rennin, _ 


(3) In the coagulation of milk by pancreatic rennin or aie 
‘rennin the calcium alts may a replaced: by salts of barium, strontium 


or magnesium. 


(4) There is no 8 from electrical conductivity determina- 
tions that calcium enters into, chemical combination. during rennin 
coagulation, 

(5) The hypothesis is put that all 
—" — provided suitable conditions be provided for their 
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: tliose which, like pepsin, act in an acidi¢ medium, 1 the 


ene of n relatively smaller amount of calcium in the milk to 


produce coagulation than those which, like trypsin, act in an alkaline 


medium. In order to produce typical rennin coagulation in milk by 


trypsin it is necessary to increase the normal calcium content of milk. 


+6) On this hypothesis thé coagulation of milk is due to the 


Adsorption of the proteolytic ferment by the caseinogen and the 


80 precipitation of this fernient-caseinogen complex by the divalent 


calcium ions present in the milk. Further the quantity of ionised 
calcium salt required to effect precipitation is. intimately related 0 the 
of ferment adsorbed by the caseinogen. 


, {T) A method based on this hypothesis is described for the 45 ö 


9156 and estimation of proteolytic ferments. 
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PATTY ACID METABOLISM IN THE 18 II. TE 
RELATION OF THE FATTY ACIDS IN THE FOOD 


of PLAICE TO THOSE IN THEIR LIVERS AND. 


MYOTOMES'. By V. H. MOTTRAM. 


Crom ‘he and the Marina 
oe Biology Station, Port Erin, J. O. M.) . 


Tae atabinding feature ‘of the fatty acids of marine ee 


is their high iodine value. Thus clupanodonic acid from sardine oil, 


herring oil or whale oil has an iodine value of 368%. The liver oils 
of marine vertebrates have iodine values from 114°6 (shark) to 1813 
(cod)*; the blubber oils as high values as 193 (seal) and the fish oils,’ 
193 (sardine)*. The fatty acids these have 


ingly higher. 


In this theoe: fatty the of 
terrestrial vertebrate tissues and are unlike the fatty acids of the 
typical terrestrial vertebrate fat depot. The liver fatty acids of man, 
the pig, the cat, the rabbit, the bullock, the cock and the guinea-pig 
have iodine values of about 130 (Hartley‘, Leathes“ and others‘). 
The same is true of the kidney, heart and skeletal muscle (Hartley‘, 
Leathes’). On the other hand the depöt fats of domesticated animals 
have iodine values from 35 (mutton tallow)* to 70 (lard)*. The fatty 


acids therefrom have values about 6°/, higher. In wild animals the 
value i is higher, especially in those that feed on fi. 


To explain this sudden step between depot fatty acids and tissue’ 


| fatty acids, Leathes* has suggested that the rale of the liver in fatty 


Part of the' expense of this research was defrayed by from the Royal Society. 
* Lewkowitsch. Chemical technology and analysis of oils, fats 1. sal.’ 
Op. cit. p. 826. 

This Journal, xxxvt. p. 17, 1907; and xxxvm, p. 853. 1900. 

5 Lancet, Feb. 27th, 1909. 
© This Journal, XVII. p. 288. 1909; and xx. p. 123. 1910. 


7 Physiol. Soc, p. ii. Wer xxx 
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acid metabolism is that of desaturating the mobilised fat on its way to 
the tissues. Depét fat, which is derived from the food without much 
change, must be altered and transmuted before it becomes fit material 


for tissue metabolism. This theory, supported as it is by much en- 
perimental data, is now on its way to general aeceptation. Is it posible 


to extend this theory to include marive vertebrates? The question is 


at once raised whether marine vertebrates owe their peculiar fatty acids | 


to their food stuffs or whether fatty acid metabolism is of a high grade 
of activity and the ability to desaturate fate and fatty acids is particu- 


larly great in marine vertebrates’ livers. This question was placed before 
Professor Herdman, and there being excellent material for research in 


the Marine Biology Station of Port Erin, of which 2 is director, the 
following experiments were instituted. 


Material and Method. Plaice, about the five year standard in size, 
were used for analysis. These fish had been in the spawning pond, some 


one, some two and some three years. Since the preceding autumn they 


bad been fed on parboiled Morecambe mussels exclusively. On May 20th 


and 2lst, a number were killed by decapitation and their livers and a 


certain group of myotomes dissected out, The myotomes taken: were, 


in every case, those on the blind side of the fish between the lateral 


line and the dorsal fin—in brief, the dorsal fillet. To eliminate, as far 4 
as possible, individual variations, the ‘fish were dealt with in groups of __ 


three. Their livers, after removal of obvious connective tissue, were. 


analysed together. The myotomes were minced, thoroughly mixed, and 
aliquot portions analysed. Further, a sample of the mussels was taken, 


parboiled, minced, mixed thoroughly and analysed. The method of 
fatty acid estimation was that described in 1910. | 


67⸗ ,t 


was done in an atmosphere of nitrogen and not in vacuo and, after the material had 


gone into solution, nitrogen was passed throngh the pressure bottles till all was cold. 


The vents were then securdly closed. The alkaline solutions of tissues were thus kept 


in the presence of nitrogen till they were analysed in Liverpool, and the method has 
shown itself to be very satisfactory. That such a precaution is necessary is seen from the 
following experiment 


Four samples of bullock’s liver were dissolved in 40 % caustic potash as usual, two 75 
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3. Avislysed after slanding in 
Amount used Patty acid 0% fatty acid 

. 10°29 90.2906 


At the conclusion of the fatty acid estimation, the fatty sia * 


dissolyed in carbon tetrachloride and its iodine — obtained by W 


method. | 
1. 


r eee The former united and weighed into a pressure 


bottle; the latter minced, mixed thoroughly and four portions weighed into pressure 
bottles. 40 % caustic potash added. Nitrogen passed through pressure bottles for half- 
an-hour. Then heated for 14 hours at 100°. 
end bottles sealed. Fatty acid estimations made at Liverpool. 


Tissue Amount used Fatty acid ees Todine value 
Livers 10 %% 181%. 
Myotomes 16-77 00847. 0505 [above 100) 
00731 labore 161 
1668 090% %/᷑ or 8 8 

15°70 00697 ᷑ Doß 0444 200 

| Mean 0°48 „ 


carded because, owing to a leakage in the vacuum drying oven, the two samples of fatty 
acid concerned were oxidised and partially converted into a brown varnish insoluble in 


carbon tetrachloride. It is obviously important when working with such small yields of 

Tbe figures show a much lower iodine value for the fatty acids of 
liver than for those of the be Ra the a of which vil, 
be discussed later. | 


0°6208 g. 106 
 Myotomes 1361s 00675 0440 

„ 0065 90467 
13°7565 0°0588 0°428 

13°10 00599 0°462 

mean 216 


This is the most 08 fatty: 
acid, and the iodine values show but small deviations from the meün. 
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Probably this experiment, as regards estimation, is the high water mark 
of the efficiency of the method and apparatus employed. Again the iodine 
value of the liver fatty acids is well below that of the myotomes. 


oe res insoluble varnish had been formed. The iodine values of the. 
soluble portions (calculated on the total mass of fatty acid oxidised and 
otherwise) are only relevant in so far as they show that, had oxidation 
not occurred,‘they would be well above 160 in one case and 180 in the 
other. The evidence obtained is as before: the iodine value of myotome 
fatty acid is well above that of liver fatty acid. 

Resuming the results of the analyses of the livers and the myotomes 
of the nine plaice examined, we see (a) that the iodine value of myotome 
fatty acid is in every case higher than that of liver fatty acid; (6) that 
_there is a rough parallelism between the two sets of figures* and 
(e) that there is an antiparallelism between the percentages of =“ 
acid in the livers and the fatty acid iodine value“. ; 

These three results are in close agreement with Leathes’ theory of . 
desaturation of fatty acid by means of the liver. It remains to relate 


171 i 
Myotomes 18385 ò 9097466 210 4 
%%% 900682 0-484 
00500 0420 [above 164 

18-205 0488 202 

In e cases of myotome fatty acid estimation e had oecurred : 7 


the results with the analysis of the food stuff. | 
The food of the plaice, since the time they first entered the spawning | i 5 
da had been chiefly Morecambe mussels. In the months of J aly, : 4 
August and September pieces of mackerel and herring Were alsd given. 
But for the seven months preceding the experiment the food was “E 


exclusively mussels and a sample of these was chosen for analysis. 


Exp. 4. Thirty-five average mussels were immersed one at a time in boiling water till cae 
the shells gaped, the animals were removed from the shells, and after the moisture was 
removed from their surface, they were minced and thoroughly mixed. Five aliquot 
portions of the mince were weighed out and analysed as in Eg. 1 for fatty acid. 


When the fish is immature, liver and tissue fatty acids have a higher iodine value 
than when the fish is more mature. In Exp. 1, where the liver ae rete is low, one of ee 
the fish was serually mature and about to spawn. 

5-081] vin 14, 171 and 108 
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14°485 0°1441 9999 1998 
16.186 01562 
18°185 90.1854 107 fabors 184]! 
16°905 0-1683 0°9952 
Mean 101 197 


The result of these analyses was not expected. It was 8 thet, 
ee the paradigm of fatty acid metabolism in mammalia, the 
iodine value of the fatty acids of the food would be well below that 
of the liver fatty acids and still further below that of the tissue fatty 
acids. Instead we find it intermediate between that of the liver fatty 
acids and that of the myotome fatty acids. High iodine value fatty acids 
are not an invention of the vertebrate and observations on plaice do 
not agree with those made on domesticated animals. 
| Tesults we obtain the following table. 


Todine vahies of fatty acide. 


I, Of myotomes Il, Of livers 
Plaice 1, 2 and 8 149 
i „ 4, 5 and 6 216 193 
„ 7, 8 and 9 206 171 
Mean 208 approx. 171 
UI, Of mussels 
197 


| 9 5 every case the iodine value of the fatty acids 90 the food of e 

plaice is intermediate between that of the liver fatty acids and that of 
the myotome fatty acids. Indeed when the mean of the means is taken 
it falls much nearer the latter than the former. Consequently these 
results yield no evidence for a desaturating action of the plaice liver 
on the fatty acids supplied to it. Desaturation may take place there— 
it must take place somewhere—but if it does it is masked ** other 
reactions. 

Nor can any „ of 8 errors of estimation throw 
dincredit on the results, From the amounts of tissue used, 50 to 
80 mgrms of fatty acid were obtained in myotomes; 130 to 170 1 grins 
in mussels; and 620 to 1820 mgrms in livers. These wers all handled 
in apparatus of the same size. Consequently the fatty acids that, would 
suffer most by oxidation are those (i) of the highest iodine values, and 
(ii) those present in the least quantity. Those of the myotomes come 
under both headings, and if any fatty acids have suffered oxidation in 
estimation it is these. [There is evidence—see the Protocols oa ad 


varnish; insoluble in carbon tetrachloride, formed. 
+ Smal nin nil tage of aid extraction —no cretion made, 
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368 
that this is s0.] 88 come those of the food and last, those of 
the liver, If then, these errors could’ be corrected, the correction would 
spread the restlts still further, and in the same direction. A considera- 
tion of the possible and probable errors simply confirms the deductions — 
from the above results. 

It must be admitted, then, that as the experiments stand, they give 
no evidence for a desaturating action of the liver of plaice such as is 


probable in the mammalia. But although these experiments give no 


support to Leathes’ theory, they must by no means be taken as refuting 
it. At the most they mean that any such desaturation is masked. — 
And a hundred and one other suggestions leap to mind to explain these 


anomalous results. The possible seasonal changes of mussel fatty acid, } 


the seasonal changes in the fish (though but one was sexualiy mature), 
and the manufacture by the plaice liver of fat from the shell-fish _ 
glycogen (always abundant) are a few. Until these suggestions can be 
realised or refuted, the research must remain an isolated group of facts, 
rather of the nature of a preliminary research. 


SUMMARY. 
5) The iodine value of the fatty acids of the mussel is high oro 
197—and falls between that of the plaice liver fatty acids and that of 
the plaice myotome fatty acids—circa 171 and 208 respectively, = 
(ii) Therefore fatty acids of high iodine value are not characteristic 
of the vertebrates: they appear in animal economy before the appear- 
_ ance of a true liver. Their manufacture is not exclusively a e 
of the liver. 

(iii) Nevertheless the above experiments on the feeding of plaice 
on mussels cannot be taken as a refutation of Leathes’ theory of the 
desaturating influence of the liver in fatty acid metabolism. Evidence 
for that theory may easily be masked by other hepatic transformations. _ 
Gir) The experiments furnish another example of the general rule 
that the fatty acids of the tissues, where material in the highest state of 
elaboration is found, have a higher iodine value than those of the food. 
Desaturation has presumably taken place—otherwise there must have 
been a specific consumption of the less üs 8 85 acids, an — | 

tion that is somewhat improbable. 


_ [should like to thank Mr Chadwick, 1 of the Marine Biology 
Station at Port very for kindness and 
work there. 
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ADDENDUM. | 
While the above was in the press the following analyses of normal 
5 plaioe caught in the Port Erin neighbourhood were completed. They 
.. are included for comparison with those of the plaice held for so long 
in captivity in the spawning pond. Flat fish are e 
both sets of fish are presumably of the same stock. 


Exe. 5. Three plaice, all of the five year standard, tres ted as in Exp. 1 with the slight 


Bcc Atmosphere in pressure bottles carbon dioxide. 


Tissue 
Livers: 16:665 g. 14759 3. B86. 140 
29°88 01407 90510 196 
„ 
Expr. 6 tha dive’ treated as in Exp. 5. 
Amountused . acid * value 
Livers 18-29 g. ¢. 10°46. 


These results show that the 5 of the spawning pond 3 
myotome fatty acids only a trifle more unsaturated than those of normal 
plaice. The liver fatty acids have low iodine values in the normal 
plaice, accompanied, as is usual, by high percentage values. We have 

here a further confirmation of the anti-parallelism of iodine values of 
ei acids and their percentage in the liver. 

On the whole, then, the unexpected results of the first. part of the 

: ‘yeaensch are not due to any abnormality of the fish examined, and they 
amay be accepted, with the reservations stated above (p. 368), as typical 
of the 
of 
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THE FERMENTS OF THE PANCREAS. PART. 1. 


THE GENERATION OF ‘TRYPSIN FROM 
)RYPSINOGEN BY ENTEROKINASE: By JOHN 
-MELLANBY, MD, 4p V. J. WOOLLEY, MD. 


Crom the Physiological Laboratory, Cambridge, aed the 


Introduction and methods. . . 3970 
(A) The velocity of trypsin formation 974 

(a) After varying 

With varying concentrations of 

(c) At varying temperatures | 

F 
(b) The influence of protein 
(e) The influence of trypsin 


Introduction. The addition 
of succus entericus to pancreatic juice causes the rapid production of 
proteolytic activity has been investigated by numerous observers. 


Pavlov@ found that a small quantity of enterokinase was capable of 


activating a large volume of pancreatic juice, that the conversion: of 
trypsinogen into trypsin extended over a definite period of time, and 
that enterokinase was destroyed by boiling, and arguing from these facts 


assumed that enterokinase was a ferment which had the — action 


of converting trypsinogen into trypsin. 


Delezenne as the result of his experimental work put forward | 
the hypothesis that trypsin was composed of trypsinogen and entero- 
kinase and that the digestive action of trypsin depended upon the 


trypsinogen being linked on to the protein molecule by means of i 
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enterokinase. In this way he endeavoured to bring the fact of 
formation in pancreatic juice into line with the bacteriological i 


. thesis of amboceptor and complement. This theory was founded on 


the assumption that enterokinase was derived from leucocytes, an 
assumption which was based on the observations that fibrin was readily 
dissolved by inactive pancreatic juice (the fibrin having some white 
blood corpuscles entangled within it) and that aqueous extracts of 
Peyer's Patches contain more enterokinase than extracts obtained from 
the adjoining intestinal mucous membrane. He also confirmed the 
observation of des Bancelsw that calcium salts were able to activate 
pancreatic juice and stated that activation by calcium salts is different 
from that caused by enterokinase since enterokinase is able to activate 


juioe in the presence of an excess of sodium fluoride or oxalate. 


Vernon compared the trypsin generating properties of succus 
entericus and active trypsin solutions. His results indicated that 


trypein was a more potent activator of trypsinogen than was entero- 
kinase 


Bayliss and Starling@ investigated the factors involved in the 


; production of proteolytic activity in pancreatic juice. Their ex- 
_ perimental work on the amount of enterokinase required to activate 


pancreatic juice, and the properties of antikinasic and antitryptic sera 
led them to the conclusion that enterokinase was a ferment and that 
the conversion of trypsinogen into ee depended 1 the action of 


enterokinase. 


The experimental. work detailed in the following mene deals r | 
with the generation of trypsin from trypsinogen by enterokinase. The 
further questions as to the activation of pancreatic juice by calcium 
salts, the properties of enterokinase, trypsinogen and trypsin, and the 


relation of the ferments of the pancreas to one another will be con- 
_ sidered later. 


Methods. Preparation of pancreatic juice. 8 


by the method described by Bayliss and Starling. The yield of 


pancreatic juice obtained was very variable and in one case it amounted 
to 120 0.0. in another case to 10 c.c. Further the character of the juice 
was subject to considerable variations. Sometimes the juice, when first 
secreted, produced a clear and transparent clot, whilst juice obtained 
later from the same animal showed no such tendency. Also the 
quantity of ferment present in the juice varied from time to time— 
juice first secreted 1 88 much richer in ferments than that obtained 


later. 
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Preparation of enterokinase, The entérokinadé: préparations used 
were obtained by extracting the mucous membrane from the lower 
part of the small intestine with water. The filtered extract could be 
kept for a considerable time without marked loss in activity. To 
guard against bacterial infection the fluid was kept under toluol in a 
test tube in a cool chamber. Enterokinase solutions kept in this way 
retain their activity for many months. 

The estimation of trypsin. The coagulation bp bas 
been discussed by one of uso in a previous paper. Briefly stated, the 


. hypothesis on which this method for estimating trypsin is based is that 
all proteolytic ferments coagulate milk provided the calcium content of 


the milk be suitable. Ferments which work in an acid medium, e. g. 
pepsin, require only a small amount of calcium to exert their milk 
clotting action; but ferments which work in an alkaline medium eg. 
trypsin, need relatively larger quantities before they produce typical 
eoagula in milk, We would suggest that no stronger evidence can be 
adduced in support of this hypothesis than is contained in the results 


of our experiments by which the generation of milk clotting activity 


in pancreatic juice by means of enterokinase is established and the 
relations of this milk clotting ferment to the other ferments of the 
pancreas are examined. Whether or not it be admitted that the milk 
clotting ferment of the pancreas is identical with trypsin is a matter 
of detail—in any case the experimental results give the relations of 


enterokinase to this milk clotting ferment, and the relations of the 


milk clotting ferment to the other ferments of the pancreas. For the 


sake of brevity and because we are convinced of the identity of the 
milk clotting ferment with trypsin, we apply the name trypsin to this 


ferment in describing our results. 


- The method used to estimate the quantity. of trypsin 8 at | 


any time was to determine the time of coagulation of 3 C0. of ee 
milk. Milk was diluted; with an equal quantity of I N CaCl,, and 


of this diluted’ and:calcified milk the solution to be tested 


and enough water to bring the total volume to 3 0. were added. The 


time of coagulation at 38°C. was noted, and from this time the —" 


of ferment contained in the fluid could be estimated. 


In order to determine the quantity of ferment present a curve was | 


plotted showing the relation between the times of coagulation and the 


‘amount of ferment present. This relation has been stated to be of 


such a nature that the amount of ferment present is inversely pro- 


7 — to whe time of coagulation (Winogradowo and Fuld@) and 


4 


— 


. 
2 
= 5 
as 
x 
F. 
E. 
2 
* 
* 
* 
4 
— 
2 
> 
= 1 
= 
3 
8 
“ 2 
b 


although this is true for relatively large quantities of ferment and 
quick coagulation times, yet when the amount of ferment is small the 
generalisation by no means holds good. The following figured give 


the coagulation times of after addition of 


5 represents one hundred units of added trypsin. 
The ferment-tised was obtained by activating pancreatic juice with 


* 


enterokinase. a activation the pancreatic juice was diluted ten 


times with water. 


2 0.0. 9 0.6 &ò 


the — times and the abscisse the trypsin contents. It may. 
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be seen from the curve that when the coagulation times are small the 
quantity of ferment is inversely proportional to the coagulation time, 
but that with large quantities of ferment this generalisation does not 
hold good. In the subsequent experiments the trypsin content of any 
solution was determined by measuring its coagulation time and * 
= from this curve the corresponding quantity of ferment. 


(A) ‘THE RATE OF GENERATION OF TRYPSIN FROM ITS PRECURSOR. 


Freshly obtained pancreatic juice exerts no coagulating action on 
prepared milk; but pancreatic juice to which enterokinase has been 
added exerts milk-clotting action and the time taken by a definite 
quantity of the juice to coagulate a constant volume of milk varies with 
the length of time during which the enterokinase has acted and with 
other factors which can be independently altered. To determine the 
relations which govern this generation of milk-clotting — 
number of experiments were made. 


@ The relation between the amount of trypsin produced and the 
time the enterokinase has acted. 


“The following mixture of panereatic juice and enterokinase was made up: 55 | 4 ) 


b. J. B (1:10) | 
loo 200. 8 0. o. 
After definite intervals of time, water and ‘16.0, of this mixture were added to 2 cc of 5 | 
prepared milk so as to make the volume 8 0. o. 1 
Coag. time 68% 60 4 
Ferment 930 90 95 125 
The results are plotted on Fig. 2 (A). Two conclusions may he : i 
drawn from them: al: 
(i) The generation of trypsin is a fanction of the time during a 
which the enterokinase has acted. oo. 


(ii) The generation of trypsin is slow at first but towards the . 
end of the reaction it is enormously accelerated—in ninety minutes . 
only 125 units of trypsin were produced, whilst after the lapse of an 
additional twenty minutes the mixture contained 750 units. (It should 
be noted that these units are quite arbitrary and N upon the ex- 
perimental curve shown in 
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quantities of enterokinase have been added. : 


following mixtures of pancreati juioe and enterokinaso wore made up 


P. J. H,O 
10.0. 10.0. cc. I 
. III 
8 V 


| 


Interval :—I hr. Shr. ahr, 
1 94 60 2 1 1 
Ferment 80 550 106560 1050 1060 
Ferment — 28 1060 1060 
Coag. 168 120 74 58’ 2˙5˙ 

m — 180 440 1050 
IV 228’ 180’ 1384 16’ 

{Ferment — — — 75 180 1050 


All these figures demonstrate the fact initialed eo namely, 


that towards the end of the reaction the rate of development of trypsin 
is enormously increased. The results show two other facts. 


(i) The greater the quantity of enterokinase present the . 


the development of milk-clotting activity. 


(ii) The development of trypsin after the addition of small 
quantities of enterokinase may be so slow that none can be detected — 


even after the lapse of seven hours. 


activation process. We then proceeded to vary the temperature of the 


reaction. The results of these experiments are given below: 


To 1.0.6, of pancreatic juice 1 ¢.0. of enterokinase solution was added. Three tubes 
were made up and incubated at 80° C., 40° C. and 50°C. After varying intervals of time 


Alnterval :—} hr. hr. hs 

4 100 120 195 150 100 
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There are two points to be noticed in the above figures. 
3 The acceleration of trypsin production . with increase of temp: 
erature, 


(ii) ‘The rapid of trypsin at after ful activity has 


been produced. 
The significance of the. ‘second fact ‘will be e later. At 


present it may be noted that the influénce of temperature on the 
generation of trypsin indicates that the action of enterokinase on 


| eee is similar to that observed in typical ferment actions. 


(5) Tan MODE or ACTION OF ENTEROKINASE ON TRYPSINOGEN, . 
In the, experiments described certain observations indicate that 


i enterokinase i is a ferment which by its action generates trypsin from 


trypsinogen, Thus the increased rate of trypsin production with 
increase in the quantity of enterokinase added to the pancreatic juice, 
and the effect of temperature on the velocity of the change, are com- 


parable to the phenomena observed in typical ferment actions. But : 
the rate at which trypsin is developed in a solution of pancreatic juice 


to which enterokinase has been added militates against the assumption 
that enterokinase is a ferment. Ferment actions generally may be 
expressed by modifications of the equations expressing the velocity of 


change i in mono- or bi-molecular reactions, and clearly show that the 


amount of change at any time is a function of the active mass. In 


the base of the generation of trypsin: from trypsinogen by means of 
enterokinase the reverse holds true—when the amount of trypsinogen 


is large (at the beginning of the reaction) the velocity of the production 
of trypsin is small: when the amount of trypsinogen is small (at the 
end of the reaction) the velocity of the production of trypsin is 
enormous: If then enterokinase is a ferment some new factor enters 


into the reaction which is not found in a typical ferment action such 


as the action of invertin on cane sugar. 


Fig. 2 shows the inversion of cane sugar by 8 (B) 3 tag 


generation of trypsin from trypsinogen by enterokinase (A4). It may 
be noted that the slope of the two curves is fundamentally. different. 
To determine whether any additional factor enters into the reaction 


when : enterokinase ‘acts on trypsinogen a variety of experiments were 


done. It is conceivable that such a factor might be found in (a) The 


presence of sodium carbonate, (b) The presence of protein, (o) The 
first formed trypein as a The. 
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These four’ possibilities were separately investigated.. 

0 (i) The influence of alkali on the production Kerpen ftom 
e The effect of alkali on the generation of trypsin: from 
trypsinogen may be determined either by adding alkali to pancreatic | 


_ juice or by neutralising the alkali already contained in it, 


An increase in the alkalinity of the pancreatic juice to the extent of 
005 N NaOH delayed the of maximum 
three hours. 
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JJ B00 
Mie. 2, A. “Generation of trypsin trom trypeinogen by enterokinase, 
numerals.) 
Inversion of cane sugar by invertin. 


(i) The neutralisation ‘of pinoratio juice by. aod 


The alkalinity of pancreatic juice varies approximately between 877 


Na,. CO, and 4% Na, CO,, and this alkalinity was a series 
experiments by the addition of HC Stee 
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I was found that hydrochloric acid added to pancreatic juice to the 
extent of 06 N augmented to a maximum degree the production of 


_ trypsin, whilst hydrochloric acid added to the extent of 15 N absolutely 
stopped the process. The solution to which HCl had been added to 


the extent of 06 N was neutral, whilst HCl 15 N put the reaction of 


the fluid on to the acidic side. From these results two facts were clear. 


(a) That the neutralisation of pancreatic juice enormously ac- 
6 the production of trypsin. 


(6) That the addition to pancreatic juice of the least trace of acid 


in excess of that required to neutralise it absolutely stopped the : 


production of trypsin. 
The first fact may have been due to one or both of two causes: the 


adjuvant influence of sodium chloride, produced by adding hydrochloric 


acid to the juice, on the action of enterokinase on trypsinogen ; or the 


removal of the inhibitory influence of the alkali on diminishing the 


alkalinity of the juice by the addition of the hydrochloric acid. 
To determine the influence of sodium chloride on the _ 
of 17 from trypsinogen os following experiments were done. 


P. J. H,0 Nadi (N 
10.0. 10.0. Voc. Occ. (A) 
1 „ 8 „ 
Interval :—2 hrs, Shr, 
A Ooag. time 54’ 2 
B Ooag. time 55” 3’ 


Therefore sodium chloride in the amounts present ra 3 


juice is neutralised by hydrochloric acid has practically no influence on 


the generation of trypsin from trypsinogen by means of enterokinase. — 


From this it is clear that the adjuvant action of HCl on the generation 
of trypsin in pancreatic juice is not due to the sodium chloride which is 
thus produced but to the diminished alkalinity of the juice. 


The second observation—that the presence of a trace of HCl in = 


excess stops the generation of trypsin—will be considered later. 


The depressing action of alkali on the generation of trypsin from 
trypsinogen appeared to indicate that the acceleration in the rate of 


production of trypsin gvith increasing time was due to a diminution 
in the alkalinity of the solution. A possible cause of this change of 


alkalinity was the production of amino-acids from the protein present 


in pancreatic juice, by the action of the first formed trypsin. 


The change in the alkalinity of pancreatic juice — the action of 5 


enterbkinase upon it was determined. 
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The unactivated juice was titrated against Hol (1 M) using methyl orange as an 


indicator. 1 6.0, of inactive juice required 1-28 0.6. HOI (-1 M to neutralise it. 


The juice was then activated by enterokinase thus 


P. J. (4 
10.0. 1 6.0. 9 6.0. (A) 
(A) became fully active in two hours (-2 c.c. coagulated 8 c.c. milk in 20 secs.). _ 
After activation 1 0.0. of (A) required 1 6.0. of HCl (1 V to neutralise it (T). 
1.¢.¢, of (A) originally contained Na, OO, equivalent to "64 0.0. N)+°45 0.0. 
HO! (1 V (added Na,0O,)=1-09 c.. HCI (1 V. 
Therefore trom (X) above, only 00 00, (i W hed been neutral daring 
activation. 


From these results it is clear that although sodium carbonate has 
a marked depressing influence on the generation of trypsin. from 
trypsinogen by enterokinase, yet the diminution in alkalinity of the 


mixture is too small to account for thé great acceleration in the pro- 
duction of trypsin towards the end of the activation process. 


(b) The influence of protein on the generation of trypsin from 
trypsinogen. A possible explanation of the increase in rate of trypsin 
production towards the end of the reaction between the enterokinase 
and trypsinogen appeared to be the adsorption of the first formed trypsin 
by the large amount of protein present in the pancreatic juice. On this 
hypothesis trypsin would be continuously produced from trypsinogen 
according to the.recognised laws of ferment action but at the beginning 
of the change all the trypsin would be adsorbed by the protein present 
in the juice and so could not display any milk-clotting faculty; on 
the other hand towards the end of the experiment not only would 
the trypsin be produced from the remaining trypsinogen, but that 


_ trypsin previously adsorbed by the protein would be liberated owing to 


the digestion of this protein. A number of tests were made to determine 
whether this hypothesis was capable of experimental demonstration. 
In these experiments the effect of protein on the activation process 
was determined in two ways, (i) by the removal of the protein from 
pancreatic juice, (ii) by the addition of protein to inactive juice. sec 
(i) The effect of removal of protein from panorsatio juice on the 
activation process. Protein was removed from pancreatic juice either 
by heating to 70°C. in neutral solution or by digesting it with trypsin. 
The following experimental results show the effect of the removal of 


protein from pancreatic juice on the activation process. 


G e. o. CaCl, (N) were added to 5 c.c. of pancreatic juice and the mixture was heated to 
70° C. for five minutes. At the end of this time there was a massive coagulation of protein 
in the heated juice. This protein was readily filtered off. Enterokinase was added to the 

R 20) (=X). 
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— 


Coag. time No cong. 40” 


15 is „ 3 the numbers above that the activation process 
_ retained’ its original form even after the removal of a considerable 
qdantity of heat-coagulable’ protein—in the first 30 minutes after 
the addition of the enterokinase 100 units of trypsin were e 
3 in the next 15 minutes 650 units were formed. 

In another series of experiments protein was removed from e 


8 juice by previous digestion with trypsin. This process 
removes all the heat coagulable protein if digestion be allowed o 


proceed for two or three hours. 


juice thus, 5 0.0. E+°5 ac. P. J. A. After 18 minutes solution ee 
activity, 1 c.c. coagulating 8 0. c. of milk in 80 seconds. 
2 At the same time 20.0. of active pancreatic juice was ailded to 10.0, of inactive pan- 


Gréatic juice=(B). The active pancreatic juice contained a minimal quantity of entero- : 


attention over <8 hours in neutesl solution at 88° C. 
After five houts—an adequate time for the digestion of the protein in both the inactive 
panera hie and in the folowing solution was made: At 
A 
7 loc. B+ 0.0. 


ͤ 
eee The following figares show the way in which activation took place. 


From ‘these 8 it is evident that dne of the trypsin 


digestible protein from the pancreatic juice and enterokinase solution 


had not altered the form of the activation curve—the rate of trypsin 


production was small at the outset and proceeded with constantly 


increasing acceleration until complete activity was attained. 
wi Gi) The effect on the activation process of adding protein to 


Panoreutio juice. It appeared possible the protein which influenced 


the activation process might have been unaffected by heat and resistant 
to trypsin digestion. To exclude this explanation of the results obtained 


the effect of extraneous to pancreatic was 


amined. 3 
One of the proteins present in pancreatic juice is a 
globulin, and it resembles that found in blood inasmuch as pancreatic 


juice when first secreted.often- chats, It seemed advisable 
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therefore to test the influence of fibrinogen on the activation process. 
The fibrinogen used was prepared from birds’ plasma by a method 
previously described by one of usa, and was added in the form of a 


suspension to the pancreatic juice. The fibrinogen completely dissolved 
in the juice. To this solution enterokinase was added and the rate uf 


activation was compared with that of pancreatic juice. to which. 10 


8 
Interval :—80 mina. lhour . 


‘The results obtained in second experiment were : 
0.0. P. J. NV 40. H. 

5 0.0. P. J. ‘loco. E 40.0. fibrinogen (D). 


After 60 minutes ue. of (0) coagulated 8 60. of mill in one minute whilst - dena 
coagulation. 


(D) took one and a half minutes to produce 


It is clear then that fibrinogen has little influence on the 8 
process; it delays the change to a small degree but does not alter the 
fundamental course of the reaction. It may be noted that after 
activation the addition of fibrin ferment to (D) ee no coagulation 2 


pProving that the fibrinogen had been destroyed. 


Experiments similar to the above were made using a mixture of 8 
albumin and pancreatic juice. 


| Beg-vhite was ditted with four Smee of water, «litle aid was 
added, the mixture filtered and then neutralised. ” 


5. 3 Egg alb. HO , 
10.0. 0 0.0. 1 9. 0. (E) 
1 „ 1 „ 1 „ 
125 160 225 270 3650 10 
5 time 40. 15 
100 180 160 170 


The obvious effect of adding egg albumin to pancreatic juice is the 
delay in activation, the type of the process being the same as in juice 
which contains no albumin. The apparent delay in activation is 
probably due to the adsorption of the trypsin by the albumin rather 
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than to inhibition of the action of the enterokinase on the trypsinogen. 
Thus the addition of a small quantity of egg albumin to an active 


trypsin extract extended the coagulation time from half a minute to 
two hours. But despite this masking of the milk-clotting faculty of 
the trypsin, the form of the activation curve was the same as that 


obtained from ‘pancreatic juice to which no albumin had been added. 

From the experimental results described above it appeared reason- 
able to assume that the peculiar form of the activation curve obtained 
when enterokinase is added to pancreatic juice does not depend upon 
the presence of protein in the inactive juice. 


(c) The influence of trypsin on the generation of trypsin from 


trypsinogen by means of enterokinase. The increasing rate of trypsin _ 


production as the action of the enterokinase proceeded suggested that 
the first formed trypsin acted as a co-enzyme to the enterokinase, and 
the increasing rate of trypsin production was due to the synergetic 
action of a constantly increasing amount of trypsin with a constant 
quantity of enterokinase. This hypothesis was easily tested. If the 
accelerated rate of trypsin production were due to the synergetic action 
of the first formed trypsin with the enterokinase, then the simultaneous 
addition of trypsin and enterokinase to inactive pancreatic juice ought 
to have caused an extremely rapid rate of trypsin production. The 


following gives the results of a typical experiment made to test this 55 


hypothesis 
A mixture of enterokinase and trypsin was made thus: 
0.0. A. P. J. 


en bor the following two solutions were made: 


(A) leo, P. J. 4 1 4c. A. P. J. 
(B) leo. P. J. 4 · 1 6.6. E (1: 10). 


| • between: the two 


mixtures being that (A) V | 


similar quantity of water. 
The rates of activation were : 3 
Interval: 20 oy 900 167 
an 6’ 44 3’ 2° 1 1)’ 
— 30 16˙ 8˙ 
110 130 4 


It is evident that the addition of trypsin to inactive pancreatic juice 

does not alter the form of the activation curve, it merely pushes it 
a little more 

active trypsin added. 
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. it may be noted that the proteins of pancreatic juice 
adsorb very little trypsin. The masking of the milk-clotting property 
of trypsin added to pancreatic juice is extremely minute compared with 
the effect produced by a similar volume of diluted egg albumin. 

(d) The supposed activation of pancreatic juice by trypsin. Exps. 
(6) and (o) above clearly show that trypsinogen is not converted into 


_ trypsin by trypsin itself. The following experiment directly confirms 


this conclusion. Pancreatic juice was activated by the addition to it 


of an optimal quantity of calcium chloride. Complete activation was 


attained after the lapse of two days, indicating that only a trace of 
enterokinase was contained in the original pancreatic juice. 


This active pancreatic juice was added to inactive juice in the following quantities: 


P. J. Active P. J. 
45 oc. % = (KX). | 
The follow. 
ing figures give the results obtained : | | 
Interval :-“ ay 60 
X Ooag. time 9 9 


. Thus the quantity of trypsin present in the juice slowly diminished, 


a result which is in accordance with the well-known fact of trypsin 


destruction in alkaline solution. There was no indication whatever of 
a generation of trypsin from the inactive trypsinogen present in the 
pancreatic juice. The quantity of trypsinogen present in the juice was 
such that after activation by enterokinase 05 c.c. of the juice coagulated 
3 ac. of milk in one and a half minutes. There is thus no evidence | 


that trypsin can activate trypsinogen. 


(O) THE NATURE OF ENTEROKINASE AND TRYPSINOGEN. 


The conclusion to be deduced from the preceding experimental 
analysis is that the curve expressing the rate of trypsin production in 
pancreatic juice truly represents the course of the reaction between 
enterokinase and trypsinogen. This being so the question arises whether 
enterokinase is a ferment or whether it is a substance which simulates 
a ferment in some of its properties but acts in a fundamentally different 
way. 
In the action of a proteolytic ferment on a protein the necessity of 
the ferment first combining with the protein is essential owing to the 
large size of the protein molecule, and the time taken by this process 
dominates the rate of activation. Therefore the curve expressing the 
digestion of protein by. a ferment is a resultant of two eet : 
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(a) the adsorption of the ferment by the protein when ‘these 


ebenen are present in constantly varying proportions, 

) the rate at which the protein is broken re by the adsorbed 
ferment. 

If the protein 66 readily broken down by the ferment then the 


curve representing the velocity of the reaction depends, upon the 
component (a); if the protein be resistant to ferment action then 


the velocity of the reaction is largely dominated by the component ( 5. 
In a previous paper the hypothesis has been put forward that in 
the coagulation of milk by rennin two processes are involved: (i) the 
adsorption of the proteolytic ferment by the caseinogen, (ii) the pre- 
cipitation of this adsorption compound by the calcium ions present in 


the milk. Since the second part of the reaction is instantaneous it 


follows that the results deduced from an investigation into the coagula- 
tion of milk by rennin give the rate of adsorption of a proteolytic 


ferment by a protein when these substances are added to one another 
in yarying proportions. The problem now arose as to whether the 


curve expressing the generation of, trypsin from trypsinogen by entero- 
kinase could be explained on the assumption that enterokinase is a 
proteolytic ferment. To test this assumption the results obtained from 


experiments in which trypsin was produced in pancreatic juice under 
varying conditions were compared with experiments in which milk 


was coagulated by rennin under similar conditions. 


Tue slow formation of trypsin at the beginning of the change 
corresponds to the slow coagulation of milk with small quantities of 


rennin; the rapid production of trypsin towards the end of the reaction 


corresponds to the rapid coagulation of milk with large quantities of 
rennin. The general similarity of the curves leads one to assume that _ 


similar processes are at work in the two cases. If similar processes are 
at work in the case of the production of trypsin, then, just as caseinogen 


adsorbs rennin, trypsinogen must adsorb enterokinase. On this assump- 


tion the peculiar curve expressing the activation of trypsinogen is 
capable of being explained. The initial slow rate of activation is due to 


the small quantity of enterokinase present relatively to the trypsinogen ; _ 
the accelerated velocity of trypsin production towards the end of the 


reaction depends upon the fact that as the reaction proceeds the 


enterokinase increases more and more relatively to the amount of 
unchanged trypsinogen. This — is two | 
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* 


varying volumes. 


2 


8 0.0. 07 0.0. ‘lac. 0.0. (A): 
= 5 07 99 2 1 “23 (B) * 
49 07 52 5 ” 3-98 ” (C) 


(A), (8) abd (0) ave given 
were obtained by adding water and ‘1 0. 0. of (A), oe ee 
milk so that the total volume ineachcasewas8ec. = 


VCC 

0 1 % 150 200 1500. 


The figures show very clearly how ‘diminishing the try den 
increases the rate of trypsin production with a constant percentage of 5 
enterokinase. In this experiment the increased rate of activation in | 
the diluted mixture corresponds to the increased rate of activation 
towards the end of the process when enterokinase is added to pancreatic 
juice—the greater the quantity of enterokinase compared with trypsinogen 
the more quickly a definite degree of adsorption is attained and ‘the 
more quickly activation ensues. 

A fundamental experiment in the analysis of the processes involyed | 
in the coagulation of milk was one in which milk containing a definite 
quantity of rennin was diluted with water containing a. constant 

percentage of calcinm chloride. Under these circumstances the times 

of coagulation remained constant. Precisely similar results are obtained 
when neutralised pancreatic juice to which a definite quantity 

enterokinase has been added is diluted with varying volumes of water. 


5 Whatever the volume of the mixture activation ‘Proceeds at ‘approximately 
the same rate. 1 
eam clio nen), eater 
p. J. CaCl, B (1:10) 170 ‘Yoh 
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Tus rates of sotivation were: % 


In (O) the concentration of trypsinogen and enterokinase was sty N 


one-fifth of that in (A) and yet activation was only slightly delayed. 
The following numbers give the results of a comparable experiment 
made with milk and rennin. 


5 6.0. 200. 29 0.0. 20.0. 1’ 20” 
8 68: ” ” 1’ 16” 
4 ” 10°8 ” 1’ 20” 
” 5 „ 14 „ 1’ 25” 


Thus in the case of milk coagulation also a diminution of both the : 


rennin and caseinogen concentrations only slightly increases the time of 
coagulation provided the percentage of calcium be kept constant. The 


figures show a remarkable parallelism between the coagulation of milk 


by rennin and the activation of trypsinogen by enterokinase. 
The logical conclusion to be drawn from all these results is that the 
phenomena observed in the activation of trypsinogen by enterokinase 
depend upon the adsorption of enterokinase by trypsinogen, a process 


which is similar to the adsorption of a proteolytic ferment by = : 


in the coagulation of milk. 


These conclusions justify the assumption that enterokinase is a 


proteolytic ferment and that trypsinogen is a protein. The specific 
action of the proteolytic ferment (enterokinase) on the protein molecule 


(trypsinogen) is the formation of trypsin. As to the nature of trypsinogen | 


and the relation of trypsin to it an hypothesis which is in accordance 


with all the experimental phenomena observed is that trypsinogen 
contains a protein moiety with which the trypsin is combined. On 


this hypothesis activation of trypsinogen by enterokinase involves the 


adsorption of the enterokinase by the protein moiety of the trypsinogen, 


digestion of this protein moiety and consequent liberation of trypsin. 
It is possible that the enterokinase adsorption alone may be 


sufficient to destroy that balance of the system and so lead to the 


liberation of trypsin. But the fact that a small quantity of enterokinase 


is capable of activating an apparently unlimited quantity of trypsinogen 
demands that the * moiety of the latter should be broken n a 
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after the adsorption and the enterokinase again liberated. In view 
howevet of the parallelism which has been pointed out betweem the 


tim relations of the activation process and those of the coagulation of 


milk by rennin, it would appear that the duration of the former process 
depends mainly on the factor common to both, namely the time 
occupied in the-formation of an adsorption compound between ferment 
and substrate, and only to a very small degree upon the second factor 


involved in the activation process, namely the liberation of the ferment. — 
Hence it may be deduced that this latter process occupies relatively — 


very little time and that the protein moiety of the trypsinogen must be 
easily and quickly broken down by the adsorbed enterokinase. Briefly 
stated then the theory which we put forward to explain the generation 
of trypsin from trypsinogen by means of enterokinase is as follows: 

Trypsinogen consists of a protein to which trypsin is firmly combined, 
the protein being of such a nature that it is not broken down by the 
attached trypsin and the combination being sufficiently strong to mask 


all the properties of trypsin. Euterokinase is a proteolytic ferment 


which, unlike pepsin or trypsin acts best in a neutral medium. The 
generation of trypsin from trypsinogen by enterokinase depends upon 
the adsorption of thé enterokinase by the protein moiety of the 


trypsinogen, rapid this and liberation 
of the trypsin. 


Summany. 
The followidg facts have been observed in generation of 


from trypsinogen by means of enterokinase. 1 
i) The length of time taken by the activation . is a function 
of the amount of enterokinase added. 


(ii) After the addition of a definite amount of enterokinase trypsin 


is produced at a constantly increasing rate as the reaction proceeds. 


(iii) The velocity of the change is accelerated by a rise in 
temperature. 
(iv) The reaction proceeds most quickly in neutral solution, is 


delayed by alkali and stopped by acid. 


(v) There is no evidence that trypsin can activate trypsinogen or 
that trypsin can act as a co-enzyme to enterokinase. | 
(vi) Proteins apparently delay the activation process, but this 


observed delay is probably due to the adsorption of the first formed 
trypein by the the amount with | 
Proteins. 
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‘The following theory has been put forward to explain . | 


(a) Enterokinase is a proteolytic ferment which ‘acts est in a 
neutral solution. 

(6) Trypsinogen contains a protein moiety with which 88 is 
ee the nature of the combination being such that the 8 8 
properties of trypsin are masked. 


(e) The generation of trypsin from trypsinogen by ee g 


ee upon the adsorption of the enterokinase by the protein moiety 
of the trypsinogen, digestion of this — moiety, and n 
of the trypsin. 


Maly’s Jhrsb, p. 878, 1609. 
Y Pavlov. ‘The work of the digestive glands.” 
(8) Delesenne. O. R. Soc. de Biol. Lin. p. 1161. 1901; Liv. 1908, 
des Bancels, Ibid. p. 180. 1905. 
(5) Vernon. This Journal, xxvmz. p. 875. 1902. ee 
_ (6) Bayliss and Starling. Ibid. XxXII. p. 129. 1905. 
(7) Mellanby. Ibid. v. p. 845. 1912. 5 
08) Winogradow. Pfliiger’s Arch. xxxVI. p. 170. 1901. 
(9) Fuld. Btr. chem. Physiol. u. Path. u. p. 169. 1902. ie 
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10 THE CONDUCTION OF SUBNORMAL DISTURB- 
"ANCES IN NORMAL NERVE. By k. D. ADRIAN, | 
Beholar of Trinity College, Cambridge. 


Con the Physiological Laboratory 


Introduction. If a conducting tissue is cooled locally or anssthetised 
locally the response is lengthened in the affected part only. As the 
disturbance passes beyond the affected area it resumes its normal time 
relations and rate of conduction. This statement has been shown to 
hold‘ good under the most varied conditions. The effects of local 
alteration of temperature on the electric response of the heart have 
been described by Page and Burdon Sanderson’, on the electric 
response of nerve by Boruttau“ and Verwej’, and on the mechanical 
and electric response of muscle by Verwej. Boruttau and Fröhlich 
have studied the effects of the local application of anmsthetics on the 
electric response in nerve‘, on the rate of conduction in nerve“, and on 

the mechanical and electric response of muscle“. In every case it was 
found that the change in the time relations and rate of conduction of 
the disturbance was strictly confined to the affected part and was not 
transmitted into the normal tissue beyond. | 

It appears then that the time relations of the changes e 
through a tissue are determined solely by the local conditions and not 
by the conditions of other parts of the tissue through which the 
disturbance has passed. Can the same be said of the magnitude of the 
changes in each conducting element? If the disturbance is diminished 
locally does it remain small after it has left the affected area or does 
it recover its original is when it recovers its — time 
relations 7 


2 Arch. f. d. ges. Physiol, Lxv. p. 7. 1996. 
8 Arch. f. Anat. u. Physiol. p. 504. 1898. 
Aroh, f. d. ges. Physiol. cv. p. 480. 1904. VVV 
Zech. f. aligm: Physiol. mz. p. 468. 1906. bid. w. p. 298. 1004. 
26—2 
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390 | . D. ADRIAN. 
As yot very little definite evidence has been put forward in 8 


of either view. It is generally held that the magnitude of the | 


disturbance in any particular tract of nerve is unaffected by local 
alterations in the temperature of the tissue through which it has passed. 
This statement is based chiefly on the observations of Ver wej (loc. 8 
He himself does not insist on this conclusion and Boruttau! has 
pointed out that some of the experimental evidence is opposed to it. 
Boruttau would appear to hold the view that local alterations of 
temperature have no effect on the size of the disturbance in other parts 
of the nerve unless the alterations are so severe as to bring about an 
actual difficulty of propagation through the affected reign. In this case 
the disturbance undergoes a decrement in passing through and does 
not regain its normal magnitude when it re-enters the normal fibre. 

_ According to Boruttau and Fröhlich! the same thing follows the 
local application of narcotics to nerve or muscle. The disturbance 
suffers a decrement in the affected area and does not regain its original 
size in the nerve beyond, although it does regain its original time 


relations, These conclusions are based on measurements of the electric — 


response within the region of decrement and beyond it. At first sight 
this might be considered a ground for criticism. As yet there is no 
conclusive evidence that the electric response is not, like the mechanical 
response of muscle, a purely local change called up in each section of 
the nerve by an underlying disturbance which is itself propagated’. 
However the precise relation between the electric response and the 
propagated disturbance is really immaterial to the present argument, 
for in any case a reduction in the electric response in & normal fibre 
must imply a corresponding reduction in the propagated disturbance‘. 
At the same time one very serious objection may be brought against 
experiments of this type. The electric response of & single nerve fibre 
is far too small even to detect and therefore the response can only be 
measured in the whole nerve trunk. Thus if any conclusion is to be 
drawn, it is necessary to assume that a reduction in the response of the 
whole nerve indicates a reduction in each fibre. Now the response of 
the nerve trunk depends not only on the magnitude of the response in 
each fibre but also on the total number of fibres in action. The fibres 

1 Arch. J. d. ges: Physiol. uxv. p. 16. 1896. bed. ov. pp. 460 et seg. 1904. 

Of. Lucas, Proc. Roy. Soc. ixxxv. B. p. 502. 1912, 

Though it does not follow that a reduction in the propagated disturbance: would be 
accompanied by a reduction in the electric response. 
the capillary electrometer takes no current and measures only differences of 
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of ‘the sciatic are not all affected. at the same rate by anesthetics and 
there will certainly be a stage of narcosis in which conduction will 
have failed in some fibres but not in others. This complete failure of 
some of the fibres will lead to a reduction of the response in the uerve 
peripheral to the narcotised area quite apart from any reduction in the 
response of each fibre. It is impossible to estimate what percentage of 
the nerve fibres have ceased to conduct altogether at any given stage of 
narcosis, and consequently impossible to estimate how far the observed 
reduction is due to a decrease in the number of fibres in action and how 
far to a decrease in the response of each fibre. The same objection 
applies with equal force to Boruttau's observations on the response in 
a nerve trunk peripherally to a region of intense local cooling". 

_ Evidently this mode of experiment is quite inconclusive : indeed it 
may be said that Boruttau and Fröhlich's results are not at all in- 
compatible with the view that the response in each fibre recovers to its 
original value when it leaves the area of decrement. It does not follow 
that measurements of the electric response might not yield valuable 
results if precautions were taken to compare the responses in two regions 
where the number of fibres in action was approximately equal, 4g. very 
near the peripheral end of the affected area and in the nerve just 


beyond it. However the difference in the responses would be small 
even if recovery did take place, and the sources of error would be 


numerous. In any case the experiment has not been attempted. — 
The evidence in favour of the view that the disturbance increases in 
magnitude when it leaves the area of decrement is even less conclusive. 
Recently Vészi* has attempted to prove that the propagated disturb- 
ance in a nerve fibre follows the all or none principle which Lucas“ 
demonstrated for the mechanical response of a muscle fibre. In a nerve 
fibre which is in a condition of impaired conductivity the magnitude of 
the disturbance cannot be invariable for it must depend on the distance 


- travelled in the region of decrement, but in a normal fibre Vészi 


considers that the magnitude of the disturbance is invariable. He deals 


mainly with the relation between the magnitude of the disturbance and 
difference of potential is set up should have no effect on the electrometer record. That 8 


this is not the case is shown by Gotch’s observation that a nerve gives a submazimal 
response when half its fibres are excited maximally (This Journal, vrt. p. 408. 1902). 
the potential difference measured by the electrometer. 

1 Arch. f. d. ges. Physiol. xv. p. 17. 5 

Zisch. f. aligm. Physiol. xm. p. 8231. 1014. 
This Journal, WII. p. 118. 1909. e 
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that of the stimulus which sets it up. This has little bearing on the 


present question, for it is quite possible that a normal fibre will transmit 
disturbances of different size if the difference has been brought about 
in the course of conduction, although the local excitatory process 
is of such a nature that a variation in the stimulus cannot affect the 
size of the disturbance at its start. However he brings forward one 
proof of more general applicability’. He points out that a disturbance 
is conducted along a normal fibre without decrement. It follows that 
the same amount of energy must be set free in each section of the 


nerve fibre; thus in each section the same number of molecules must 
react in the same manner. He considers that such an arrangement is 
possible only when the reaction concerns all the molecules which are 


capable of taking part in it, and that when some of the molecules are 
left untouched the magnitude of the disturbance cannot remain constant, 


It is not easy to see the force of this argument. The disturbance may 


well be some purely physical change and there is no difficulty in 
conceiving a mechanism which would transmit physical disturbances of 


different intensity without loss, A wave of torsion or compression in 


an elastic rod would fulfil these conditions. Even if the disturbance 
must be likened to an explosion wave, the nerve fibre might contain 


molecules of different degrees of instability and such an arrangement | 


would transmit waves of different amplitude without loss. 


Thus. the question cannot be regarded as settled. It ene 


possible that more conclusive evidence might be gained by direct 


measurement of the propagated disturbance before and after trans- 


mission through a region of decrement. The method adopted was that 
used recently by Keith Lucas and myself“ to determine the size of 
disturbance transmissible at different intervals after the passage of a 


previous disturbance. The eo of this method is described in 


the next. section. 


Method. It is clearly impossible tor measure the magnitude of the . 
propagated disturbance absolutely, for the nature of the change is still 


quite uncertain. For comparative purposes this uncertainty. does not 


matter. Werigo’, Fröhlich! and others have shown that to abolish — 


8 conductivity in a nerve, a narcotic must be applied for a time which 
Varies as the length of nerve over it acts. It 


1 Loe, ett. p. 583. 

This Journal, XIxv. p. 96. 1013. 
3 Arch. f. d. ges. Physiol. uxxvt. p. 572. 1809. N 
* Ztsch. f. allgm. Physiol. ut. p. 170. 1903. : 
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that as the disturbance passes through the affected region it suffers 2 
some progressive change which renders it less and less capable of 


transmission. Whatever the precise nature of the propagated dis- 


turbance may be, its magnitude is evidently measurable in terms of its 
power of transmission. Thus the magnitude of the disturbance’ is 
reduced, as its power of transmission is reduced; by an amount which 
depends on the duration of narcosis and the distance travelled in the 
narcotised area, The maximum decrement which’ the disturbance can 
undergo depends on its initial magnitude. Consequently this magnitude 
may be determined by measuring the duration: of the 1 narcosis 955 we : 
greatest distance travelled before extinction. ages 3 
In practice it is convenient to keep the length of nerve constant 5 
to vary the period for which the narcotic is applied. With this 
arrangement the magnitude of the propagated disturbance may be 


measured by the duration of narcosis required to extinguish it in a 


standard length. | 
The point to be decided ! is whether a e ae which has passed 
through an area of decrement and entered normal tissue again is equal 
to or less than a disturbance which has been set up in normal tissue 
peripheral to the area of decrement and has consequently escaped any 


reduction. The following arrangement was adopted. Two muscle 
nerve preparations (sciatic “gastrocnemius) are taken under exactly 


similar conditions. In one of these (Fig. 1 A) two equal lengths of 
nerve d and d' are narcotised. These lengths are separated by a 


variable length of normal nerve and the conduction of a disturbance 


through one or both of them can be tested by stimulating electrodes 
I and II placed as shown in the figure. The other preparation is 


-narcotised at the same rate over a length D which is equal to the two 
lengths d and d' together. Conduction through D is tested by electrode 


IIL Under these conditions the decrement suffered by the disturbance 
from II in passing through d, will be equal to that suffered by the 
disturbance from III in passing through the first (central) half of D. 
If the disturbance does not increase in size when it leaves d, it will 
enter d' in exactly the same condition as a disturbance which enters 
the peripheral half of D. In this case the depth of narcosis required 
to extinguish’ the disturbance altogether will be the same in both 
preparations, and stimuli at electrodes II and III will become ineffective 
at the same time, On the other hand the disturbance from electrode 
I will enter d' unreduced and therefore from I to 
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Fig. 1 B may help to make this clearer. Ordinates are intended to 
represent the size of the dist urbanes at different points along the nerve 
during the period when a stimulus at I is effective as regards the muscle 
and a stimulus at II is not. Thus the full line shows the disturbance 
starting at II, undergoing in d a decrement which does not lead to 
complete extinction, emerging into normal nerve between d and d 
where it persists at reduced magnitude and then undergoing in d a 

further decrement’ which does lead to extinction. The broken line 
which does not lead to extinction and then passing on to the muscle in 1 


Fig 1 0 shows what will happen if the disturbance recovers after 
leaving the region of decrement. In this case the disturbance from II 
when it travels through the normal tissue between d and d is fully 
equal to the disturbance which starts at I (broken line). Thus stimuli 
at I and II will become ineffective at the same moment when the 
narcotic has acted for such a time that a full-sized disturbance is ex- 
tinguished in the fength d ord. 

4 Consequently abe only data required for the solution of our problem 

— are the times from the beginning of narcosis to the moments when 

. stimuli from electrodes I, II and III cease to evoke a muscular 
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contraction. If the stimulus fails first at III and afterwards at I and 


II simultaneously the disturbance must recover to its original size after 
leaving the area of decrement; if the stimulus fails first at II and III 


‘ together and afterwards at I 5 disturbance does not recover. 


If the disturbance does not recover it is possible that he moment 
when the muscle ceases to respond may not coincide with the moment 
when the disturbance is actually extinguished in the narcotised areas. 
It is probable that the nerve ending is a region of decrement and a 
disturbance of small magnitude cannot pass iti. Thus the muscle will 
cease to contract when the disturbance is of such a size that it is 
extinguished at the nerve ending. This does not affect the validity of 
the experiment, for it does not matter whether we determine the degree 
of narcosis necessary to extinguish the disturbange altogether or to 


reduce it to a definite size. The fact that the fibres which supply the 


muscle are not all affected at the same rate by the narcotic is also 
unimportant, The moment when the muscle ceases to give any visible 
contraction will be the moment when the disturbance is extinguished 


or reduced to a standard size in the fibres most resistant to the narcotic, 
and there is no reason to suppose that what is true fay. Shave fibres is 


not true for all. 
It is clear that the experiment cannot give any en results 


unless it is certain that the disturbances set up at the three stimulating 


electrodes are all the same size at the start, If the magnitude of the 
disturbance in nerve obeys the “all or none” principle there ean be no 
doubt that this would be the case whatever the strength of the stimuli 
at the three electrodes. Since this question is still very doubtful it is 
necessary to use stimuli which are of equal or corresponding strengths — 
at all three electrodes. This condition may be complied with by using 
stimuli whieh bear a definite relation to the threshold stimulus of each 
electrode. In practice the stimuli were always made 30°/, stronger 


than the least stimulus which gave a maximal contraction. This was 


determined separately for each electrode and therefore the stimuli used 


in the experiment were always of corresponding strength. With these 


stimuli there is little danger of current spreading into the nareatised 
area and one avoids mistaking small changes of local excitability for 
the failure of conduction. 

The technique of the experiments varied slightly with the anesthetic. 
used and is therefore described below in the 8 sections 2 95 
wg with each type of experiment. | 

This Journal, p. 76. 1011. 
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the experiments: the anssthetic was aloohol 
8 by drawing air through a solution of alcohol and water. 
The strength of the solution and the rate of — was wel 


between each observation, as 
it was advisable that the 
experiment should be made 
under as many conditions as 
possible. The vapour passed 


through a T-piece to four 4 | 
obonite chambers A, B, O and * 
D (Fig. ). These chambers 
were made by boring holes of 
the right diameter and depth — 
in a couple of ebonite blocks. 
They were connected with one 
another and with the suppllß 
and exhaust pipes by a hole 
drilled through the block from 
end to end. The nerve was 
introduced through two slits 


cut in the wall of the 8 when it was in e oe site 


were filled with vaseline and the chamber was closed above by a cover 
glass. The chambers A and D in the left hand block were 45 mm. 
in diameter, B and O in thé right hand block were respectively 
45mm, and 9 mm. The two blocks were set up so that A and B 
were opposite one another at a distance of about 10 mm, The vapour 
entered these chambers first and was drawn out through O and D. 
The rate of flow was kept equal in all four chambers by leading the 


suction tubes under water and adjusting their levels until the rate “ 


bubbling was the same. 


The sciatic gastrocnemius preparation from one side of a frog was 
set up so that the nerve passed through the chambers A and B and 


could be stimulated by electrodes II and I placed centrally to A and B 


respectively. Thus the propagated disturbance started from electrode 


II must pass through two narcotised regions of 4°5 mm. separated by 
10 mm. of normal nerve before it reaches the muscle, while the disturb- 
ance from I passes one length only. This preparation will be referred 
to as preparation X. The sciatic from the other side of the frog passed 
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through the chamber G only and was stimulated by electrode III. The 
preparation is referred to as preparation F; in it the disturbance must 
pass through a continuous length of 9mm. of narcotised nerve before 
reaching the muscle (which is not shown in Fig: 2). : 

The chamber D was used to narcotise 45mm. of a preparation 2 
from another frog. The electrode III (Z) stimulated this also. The 
object of this was to make sure that the rates of narcosis in chambers 


A and B were equal. It is absolutely essential that these should be 


the same and a small leak of air might affect the rate of narcosis con- 
siderably. The chamber D will receive vapour from A and therefore 
a leak in A or B may be detected by comparing the times to failure at 


electrodes I and III (Z). The disturbance from both these electrodes 


must pass 45 mm. of narcotised nerve and if both fail together there 


can be no doubt that the rate of narcosis is the same in the chambers — 


D and B and therefore in A and B also. The disadvantage of this 
method is that the central preparation Z must come from another frog 
and an observed difference in the times of failure at Land III Z may be 


due to this fact only and not to the presence of a leak. In every case 


the usual tests for leaks were made in addition by reducing the pressure 
the entrance of air or Ringer's fluid ete. 


‘TABLE 1. vapour as narcotic. Time failure of conduction. 


Preparation X Preparation Preparation 2 
. 9 mm, 46 mm. 

Exp. Seim at I Seim. at Stüm. at III 

10 mins, 8 mins. wins. 
wee 18 13 | 7 

6 183 17 „ 18 

10 34 33 19 


Table I contains the’ results of ten 5 sist out in’ this 
way. The second column gives the time from the commencement of 
narcosis to the failure of the stimulus at electrode I to produce any 
visible contraction in the muscle X. This indicates the degree of 
narcosis required to extinguish the propagated disturbance in 45mm. 
of nerve (in the chamber B). The third column gives the time taken 
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to produce failure in the same preparation when the stimulus takes 
‘effect at electrode II. The disturbance is then extinguished in passing 


two lengths of 45mm. Column 4 gives the time to failure in pre- 


paration Y and column 5 relates to the control preparation. a 

In each of the experiments recorded in this table the rates of narcosis 
must be approximately the same in all four chambers, for conduction — 
through B and D ceases at approximately the same time. In all the 
experiments the narcosis required to extinguish the disturbance in a 


continuous length of 9mm. is very much less than that which is 


required for two lengths of 4 5mm. The failure in preparation X takes 


place in very nearly the same time whether the disturbance passes 


45 mm. only or two lengths of 45mm. séparated by normal nerve. 


In the few cases in which this result was not given there was invariably — 15 
good evidence that the narcosis did not proceed at the same rate in all e 


— Exps. 1] and 12 are examples of this. 


Preparation x Preparation 
n ‘Failure in 25 mins. 28 mins. 20 mins. ome | 
12 10 12 285 


It is clear that in Exp 11 slightly, the 
preparation Y took longer to narcotise than the central preparation. 
In Exp. 12, the chamber B leaked and thus diluted the vapour in B 
and @. Thus in all the experiments which gave consistent results the 
stimulus becomes ineffective first at electrode III and afterwards at 
I and II together. As has been pointed out in the last section this 


indicates that the disturbance recovers its original size on leaving the. 


area of decrement. 
wo or three points call for special notice in connection with these 
experiments. In the first place the difference between the times 


required to narcotise 4˙5 and 9 mm. of nerve is very much greater than 


the differences observed by Werigo and Fröhlich. Probably this is 
due to some difference in the frogs used (R. temp. summer). The 
relation between length narcotised and time of narcosis is certainly 


somewhat variable (¢.g. Exps. 4 and 5) and the same variation may be 


seen in the experiments of Adrian and Lucas! with alcohol vapour. 
In the second place in five of the ten experiments conduction fails 

at electrode II before it fails at I. The difference is so slight that the 

most probable explanation seems to be that the lengths of nerve in * 


1 This Journal, 1912. 
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A and Bare exactly equal. It is impossible to adjust 
these lengths to within less than ‘5mm. and we might expect that in 
about half: the experiments the length in A would be greater than that 
in B. This would explain why only balf the experiments show this 
‘ difference, for when B is made longer than 4 the effect will not be 
notided. 
| One other objection must be dealt with. In preparation x we howe 
assumed that 4:5 mm. of nerve near the plexus (in chamber 4) and 
45 mm. near the muscle (in B) will be narcotised at the same rate, It 
is possible that the arrangement of tissue in the nerve trunk etc, makes 
the fibres more resistant near the plexus, and thus the nerve in B may 
be deeply narectised while that in A is but slightly affected. Experi- 
ments were made to test this point. Preparations of the gastrocnemius 
and sciatic were taken from opposite sides of the same frog, In one of 
these 4˙5 mm. of nerve near the plexus was narcotised and in the other 
4°5 mm. near the muscle. Four experiments were made in this way 
and in every case the failure of conduction took place at nearly the 


Table II. 

TABLE 
3 | to 4·8 

„„ 

108 16 | 163 


in the rates of narcosis in different parts of the nerve. But if these 
results are genuine there seems to be no alternative to the conclusion 
that a disturbance is reduced to a much smaller size in passing a 
continuous length of 9mm. of anssthetised nerve than it is in passing 
two lengths of 4˙5 mm. separated by a tract of normal tissue. In both 

cases the decrement suffered in passing through unit length of nerve in 
the affected area is the same, but the disturbance is extinguished in the 
9mm. ares at à time when conduction through the two 48 mm. areas 
is still possible. This can be explained very simply on the assumption 
that the disturbance increases in size in the normal area between the. 
two lengths of 45 mm. it is see — 
can be attempted. 
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It was felt that for the confirmation of this result the technique 


of the experiment must be simplified. The necessity for a control — 


preparation and for the simultaneous narcosis of all three nerves 


complicated matters. unduly. Eventually it was decided to use a 


reagent which could be applied to the nerve in solution instead of in 
the form of vapour, The method employed and the results obtained 
from it ate described in the next section 


In these experiments the nerve was brought into the condition of 
impaited conduction by 08 % morphium hydrochloride dissolved in 


Ringer’s solution and made slightly acid with dilute HCl. 


2 B 


Fig. 3. 


The apparatus employed is shown in Fig. 3. The muscle is pinned 
to a cork plate P and the tendon is attached to a bell crank lever. The 
nerve passes through the two chambers A and B and over the electrodes 
I and Il. - Slits are cut in the sides of the chambers for the introduction 

of the nerve and plugged with ‘vaseline when it is in place: The 

, chambers are machined out of ebonite and held in position by the set 

1 Thee solution does not keep unless it has an acid reaction. It is probable that its 


action on nerve may be due in part to the presence of free H- ions. 44745 
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-gorews S, and G, The trough itself is of ebonite and may be closed 


above by a glass plate. Ringer's solution is run over the floor of the 
trough to keep the preparation moist. When it is required to narcotise 
one length of nerve only; the two chambers and the electrode I are 


removed and a single chamber of the same pattern is put in their place. 


This is held in position by the screw S,. The chambers used were of 
three different sizes to accommodate 4°5 mm., 9 mm: or 18 mm. of nerve. 


The stimuli were break induction shocks 30% stronger than the least 
_ shock which produced a maximal contraction. The primary circuit was 


always opened at the same rate by a Lucas pendulum. 

Preliminary experiments were made to detect any difference in ao 
rate of action of the morphia at different points on the course of the 
nerve, Two preparations were taken from the same frog and the 
solution was applied (a) to 45 mm. near the plexus, and 1 5 to inde mm. 
The results are shown 


TABLE 
Morphia applied to orphia applied to 


Thus the morphia solution acts like the alcohol vapour at the same 
rate in any part of the nerve, As in the case of alcohol the influence of 
the length narcotised on the time taken to abolish conduction is very 
well marked, as may be seen from the experiments in Table IV. Two 
preparations from the same frog generally fail within a minute of one 


another when equal lengths are narcotised.. The variation is greater 


when preparations from different frogs are compared, but it is never 
very great. 

Two experiments were made to find out if the total bulk of morphia 
solution used had any effect on the rate of narcosis. The 9 mm. 
chamber contains more than twice the volume of solution in the 45 mm. 
chamber and it is possible that this might lead to a more rapid failure 
in the larger chamber if any of the active constituents of the solution 
are used up during the narcosis. Two preparations were taken from 


the same frog and in one of these 4°5 mm. of the nerve were narcotised 


in the usual way, the solution being poured into the chamber and left 
there until the failure of conduction. In the other 4˙5 mm. were 
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narcotised, but the solution was taken out and renewed every two 
minutes Conduction failed in the first preparation after 18 mins. 


and in thé sebbnd after 18 mins 40 seconds. In another experiment 


failure osburred after 22 mins. in the first preparation and after 21 mins. 


in the séeond, Thus the total quantity of solution applied to the nerve 


makes 10 differénce to the rate of narcosis. __ 

The éxpetitients in Table IV are a repetition of those in Table 1 
with the morphia solution as an anesthetic instead of alcohol: Two 
sciatic gastrocnemius preparations were made from the same frog and 


both were placed in Ringer a fluid for 3-4 hours. The two were not 


ented on simultaneously and therefore it was necessary to allow 
soins time to elapse after dissection to make sure that both should be in 


approximately the same condition when the morphia was applied. The 


second column gives. the time taken to abolish conduction across the 
peripheral region of narcosis in preparation X, the stimulus being 
applied at electrode I. The third column gives the time to failure at 


electrode II in the same and the fonyih gives the time to : 


„ 


‘TABLE IV. 8 7 morphia solution as a mareotio. 
Preparation X Preparation Y 


mins. 0 mins. 12 mins. 
2. 26 20 15 16° 0. 
28 184 18 
24 334 28 
25 16 10 19 .. 
26 15 mins. 15. mins. 9 mins. 160. 
* 17 | 10 O. 


last three experiments show that the length narcotised may be doubled 
without affecting the result. 


Up to the present it has 5 0 shown that, 2 


narcosis is reached, the distirbance bas much greater difficulty in 


passing one length of 9 mm. of affected nerve than it has in passing two 
lengths of 45 mm. Actoal * 
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narcosis is deep enough to prevent conduction altogether i in the longer 
strip of nerve. Before this stage is reached there is nothing to show 
that the disturbance is reduced to smaller dimensions in the former 
case than in the latter. No doubt the assumption that this is the case 
at any stage of narcosis is quite Justified, but it would be more 
satisfactory if a direct proof could be given. The method by which this 
was attempted is described below. 


Keith Lucas and the writer! have shown that the refractory period 
of a nerve measured centrally to a narcotised area increases with the 
depth of narcosis and with the length of nerve narcotised. The increase 
in the refractory period is in part due to the decrement suffered by | 
disturbances passing through the narcotised area. As the decrement 
increases, the least interval between two effective stimuli must be 
lengthened in order that the second disturbance may be large enough to 
avoid extinction. In 80 far as this is the case, the refractory period is 
a measure of the decrement which the second disturbance undergoes. 
But it may also in part be due to a slowing of the process of recovery 
from the first disturbance. 
The two processes may be separated by taking advantage of the fact 
that the lengthening of the refractory period which is brought about by 


an increase in the decrement will vary with the length of nerve which 


is narcotised, The lengthening which is due to the slow recovery of the 
nerve in the narcotised area will depend only on the depth of narcosis 
and not on the length narcotised. 

Fig. 4 (Exp. 29) shows the rise of the refractory period when 7 % 
morphia solution is applied to 45 mm., 9 mm. or 18 mm. of the sciatic. 
Four preparations were taken from two frogs. The dotted curves 
marked 45 mm. and 9 mm. record the refractory period for one pair and 
the full curves marked 9 and 18 mm. for the other pair. The two 
curves for 9 mm. show a reasonable agreement though the preparations _ 
are taken from different frogs, and therefore it may be assumed that all 
four were narcotised at much the same rate. Thus the lengthening of 
the refractory period which is due to prolonged recovery will be the 
same in all four preparations at equal times after the beginning of the 


narcosis. In the 45 mm. preparation the refractory. period is not yet 


doubled at a time when conduction has failed completely for 9 mm. and 
18 mm. Consequently the increase in the refractory period of the latter 


must be due almost entirely to the decrement suffered by the second 


: 1 This Journal, Xv. p. 99. 1912. 
PH. XLV. 27 
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disturbanoe and only in a very slight degree to the prolongation 
recovery in the nerve. 


This makes it possible to use the refractory period as an index of 


the total decrement which the disturbance will suffer, provided that the 
lengths narcotised are not much less than 9 mm. = 

The experiment was carried out with eight pairs of muscle nerve 
preparations. In one preparation 18 mm. of nerve was treated with 


7% morphia solution; it was stimulated centrally to the narcotised 


area and the refractory period was determined by the method of 


7010 


100 (Seconds 


‘Refractory Per 


15 
‘Minutes from Commencement of Narcosis — 
Fig. 4. | 


Boycott at intervals of about one minute until the failure of conduction. — 
In the other two lengths of 9 mm. were narcotised and the refractory 


period was determined with stimuli sent in by electrode I which lay on 
‘the nerve between the two lengths, and by electrode II which was 
central to both. Typical records are shown in Figs. 5 and 6 (Exps. 30 
and 31). Refractory periods are plotted as ordinates and minutes since 
the application of the narcotic as abscisse. The steeper curve records 


the rise of the refractory period in the 18 mm. preparation and the 
point where the curve meets the upper horizontal line indicates the 
time at which conduction failed. The actual values of the refractory 


period fall within the shaded rectangles through which the curve passes. 
The other curves relate to the second preparation in which the morphia 
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was applied to two lengths of 9mm. Measurements of the refractory 
period at electrodes I and II are recorded by black and white rectangles 
respectively. It is clear that these curves are more or less coincident 


— 


Dismm 
1 


| 
— 
© 
1 


Refractory Period (Seconds) 


— 
Minutes from Commencement of Narcosis — 
Fig. 5. 
| lis mm | 
I omm 
09+9mm 
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2 
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Refractory ( Seconds) 


1 


5 10 20— 25 


Minutes from Commencement of Narcosis 
and therefore the reduction suffered by the disturbance in passing two 
separated lengths of 9 mm. is not greater than the reduction suffered in 
passing one length at any stage of narcosis. At every stage of narcosis 
97.3 
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the refractory period is greater in the 18 mm, preparation and therefore 
the disturbance is always reduced to much smaller dimensions when 


the area of decrement is undivided. It is true that there is a slight 
‘difference in the refractory period measured at the electrodes I and II 


towards the end of narcosis in Fig. 5 and such a difference was observed 


in three of the eight experiments. This will be dealt with i in the next 2 
section. 


The experiments described in this section, whilst they dation the 
results already obtained, give also a distinct advance in our knowledge 
of the conditions under which a disturbance may increase in size. A 
comparison of the effects of conduction through the continuous and 


divided areas of decrement at the several stages of narcosis, shows that 


the disturbance increases in size on leaving the affected region whatever 
the duration of the narcosis has been. Thus we reach the conclusion 
that the recovery of a disturbance on entering a region of normal 


conductivity is not at all affected by the extent of the reduction it has 


suffered, provided that this i is not great enough to * it com- 


Is recovery complete in all cases? 


In about half the experiments in Tables I and IV and in three out 
of eight refractory period experiments there is a slight difference in 
the times of failure at electrodes I and II. As was pointed out in 

connection with the alcohol experiments the differences are probablß 
due to accidental differences in the rates of narcosis or lengths of nerve 


in the two chambers, On the other hand they might indicate that in 
some preparations the recovery of the propagated disturbance is not 


quite complete ; for a disturbance which has not completely recovered 


will be extinguished in the second area of decrement at a time when an 
unreduced disturbance can still pass through. 
This possible state of affairs is shown in Fig. 7 which is constructed 


on the same lines as Fig. 1B. The dotted line is supposed to indicate 


the size of the disturbance from electrode I and the full line that from 
II. Under these conditions a stimulus at I will be effective as regards 
the muscle and a stimulus at II will be ineffective; at the same time 
the stimulus at II will set up a disturbance which travels down the 
nerve between the two areas of decrement. 


The experiments of Keith: Lucas! on the mechanism of the 


‘Wedensky effect show that a disturbance which is greatly reduced in 


size is still capable of setting up a refractory period, and the meyer. has 
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confirmed this in some observations of a different kind which he hopes 
to publish shortly. It follows that in the case imagined i in Fig. 7 the 
disturbance starting at electrode II will set up a refractory period 
between the two areas of decrement although it will not reach the 
muscle, A stimulus at I normally reaches the muscle, but if it is timed 
to fall within the refractory period set 1 by the disturbance from II it 
will no longer do so, 

To test this point six preparations were narcotised in the usual way 
with 8 % morphia solution applied to two lengths of 4˙5 mm. of the 


nerve. In four of these preparations conduction failed sooner at electrode 


II than at electrode I, the maximum difference being two minutes. 
When the stimulus at II failed to produce a. contraction in the muscle 


it failed also to set up a refractory period between the two areas of 


5 
a 

al 

ae Ta ion o I Region of — 

— 
d dl 
Fig. 7. 


3 A 1 at I had exactly the same effect e it was 
preceded by a stimulus at II or not. The interval between the two 
stimuli was varied between 0008 and 012 seconds in order to allow for 


any possible delay in conduction across the central narcotised area, but in 
no case was there the least evidence of a disturbance conducted through 


the central but not through the peripheral area of decrement at a time 
when conduction throngh the peripheral area was still possible for 
unreduced disturbances. 

It is clear therefore that the small differences in the time of filure 
at the two electrodes are due to accidental inequalities in the two areas 
of narcosis and not to imperfect recovery of the disturbance. 

It remains to discuss the manner in which the recovery of the 
reduced disturbance is brought about. In Fig. 1B and C and Fig. 7 
the disturbance is represented as increasing suddenly to its original size 
as soon as it enters the normal nerve. It is quite possible that this is 
not the case and that the recovery is brought about by s progressive 
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inorément Just as the reduction is brought about by 4 progrenive 
decrement.” 


The question can only be decided by varying the length of nerve in 
which the recovery has to take place. If the increase is sudden, it 


wioll take place as well in 1 mm; of nerve as in 10. If it is a gradual 8 
process a definite length of unaffected nerve must be interposed between 


the two regions of decrement or the recovery will not be complete. 


The disturbance certainly regains ite full magnitude when the 
distance. between the two narcotised areas is as small as 5mm. An 


attempt was made to diminish the length still further by surrounding 


the nerve completely with vaseline for 2-8 mm. and allowing the 


morphia solution to act on 9 mm, on either side, Under these condi- 


tions the disturbance did not recover. However the experiment is quite 


inconclusive as there were no means of testing whether the vaseline 
plug really did protect the nerve from the narcotic, This difficulty 
must always be present when an attempt is made to interpose a length 
of less than 5 mm. of nerve between two narcotised areas and con- 


sequently the experiments were not continued. All that can be said 


with certainty is that the propagated disturbance has recovered its full 


magnitude by the time it has travelled 5 mm. from the end of the , 
affected area. 


complete in this distance, 


Effect of local alterations of temperature, 
If the magnitude of the disturbance in nerve is not . 


permunently by passage through a region of local narcosis, there can be 
little doubt that a region of local cooling or warming would be equally — 
without influence on the size of the disturbance after it has passed 


through the affected area. The circumstances however are different, 
for the disturbance will not undergo any progressive decrement in the 
region of altered temperature (unless the alteration is very great), 
although its magnitude may be changed. The experiments of Verwej’ 
indicate that the size of the electric response in the peripheral half of 


the nerve does not depend on the temperature of the region in which 
the disturbance is set up; but these experiments are not quite con- 


clusive as in some cases the response was certainly smaller when the 
disturbance was set up in the cold region. No doubt Verwej was 


justified in attributing this to the fall of excitability produced by — 


cooling. This would reduce the response by reducing the number of 
fibres in action ‘when the stimulus took effect i in the cold region. " Binde 
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however there was no direct proof of this it was thought advisable to 
repeat the experiments, measuring the ability of the disturbance to 
undergo a decrement instead of the size of the electric response. 

A sciatic gastrocnemius preparation was set up in the trough shown 
in Fig. 3. About 8mm. of the nerve near the plexus passed over a 


_ varnished copper tube through which cold water circulated. This part 


of the nerve was stimulated by the electrode II (Fig. 8). The rest of 
the nerve and the muscle were kept at the temperature of the room 


by a slow stream of Ringer's fluid. A copper tube, through which 


circulated water about 2. C. above room temperature, was placed by 
the side of the cold tube to prevent any loss of temperature in the peri- 


pheral half of the nerve. The warm half of the nerve was stimulated 


by the electrode I and passed through an ebonite chamber of 9 mm. 
diameter in which morphia solution could be placed. The stimuli at the 
electrodes I and II were made 30% above the threshold value. In order 
to make certain that the stimulus at II did not escape into the warm 


part of the nerve and set up the disturbance there, the refractory period 


Morphia 


was measured at both electrodes before the morphia was applied. 
Generally a great difference was found. Thus in Exp. 32, the refractory 


period with both stimuli at II (temperature about 6°) was 0052 sec. +, 
0048 —, and with both at I (temperature 18°) it was 0020 sec. +, 0016 —. 


It is evident therefore that the second stimulus at II must take effect in 


a region of low temperature where the rate of recovery is slow. The 
second stimulus was about twice as strong as the first stimulus, so that 
there can be no doubt that the first stimulus at II does not spread into 
the warm region. | he 

The experiment consisted in measuring the time taken from the 
moment when the morphia was applied until the failure of conduction 
from the two electrodes. If the disturbance which has started at I in 
the warm region is greater than that which has started at II and 
passed through the cold region it should be able to undergo a greater 


reduction than the disturbance from II, and therefore conduction should 


fail first at II and then at I. On the other hand if both disturbances 
are the same size by the time they reach the region of decrement 
conduction should fail simultaneously at both electrodes. | ; 
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Six experiments were carried out and in neal one the stimuli 
became ineffective at the same moment at both electrodes. The 


morphia solution was ‘8°/, and the failure of conduction was generally 


complete in about 15 minutes. The figures for each experiment are 
not given as none of them show the least difference in the times of 
failure at I and II. This result is evidently in favour of the view that 


there is no difference in the size of the disturbances from I and II when 


they are on the point of entering the region of decrement. It might 


perhaps be objected that the stimuli were not really of corresponding 
strength at the two electrodes, but, as a matter of fact the strength of 


the stimulus seemed to be quite without effect on the time taken to 
produce failure of conduction. Thus we may conclude that the size of 


the disturbance does not depend on the temperature of the region in 


which it was set up but only on the temperature of the region in which 


it is measured. “This confirms the experiments of Verwej. and falls | 
into 18 with the results obtained in the previous sections of this * 


Disopssiox or RESULTS. 
is the foregoing sections it has been shown that a propagated 


_ disturbance which has been reduced in magnitude by passing through . 
a region of decrement, or through a region of low temperature, regains 


its original size when it emerges into normal tissue. In reaching this 
conclusion no assumption has been 2 with regard to the relation 


between the disturbance and the strength of the stimulus which evokes 
it. At the same time the conclusion clearly favours the view that the | 


relation is of an “ all or none” character. 
The disturbance recovers to the same size however much it may 
have been reduced and therefore its magnitude just before recovery can 


have no influence on its magnitude after recovery. This being so it is 


difficult to conceive how an alteration in the initial magnitude of the 


disturbance could affect the final magnitude after reduction and sub- 


sequent recovery. There is no reason to suppose that there must be 


an actual reduction in the propagated disturbance before any increase 
in size can take place. Thus if a weak stimulus sets up a small 
disturbance in a normal conducting element this will increase in size in 


exactly the same way as a disturbance which has been started by a 
stronger stimulus and reduced in its passage down the nerve. It is 


possible that the disturbance will not reach its full value instantaneously, — 


but in any case it is extremely probable that the magnitude of the 
disturbance which has travelled a few mm. in normal tissue will be 


independent both of the strength of the stimulus which has set it up — 
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and of any changes which it may have undergone in its course down 
the nerve before it entered the normal part. The possibility of an all 
or none relation between the stimulus and response in a nerve fibre has 
been discussed fully by Gotch!, Vészi* and others and it is therefore 
unnecessary to deal with the question at length. From the point of 
view of the central nervous system the interest lies in the second part 
of the conclusion, namely that the size of the disturbance is unaffected 
by changes it may have undergone in other parts of the nerve. There 


is reason to suppose that the mechanism of the central nervous system 
may depend, to some extent at least, on the presence of areas of 


decrement (the synapses) which act as valves to admit the passage of 
disturbances of a certain size or disturbances arriving at certain favour- 
able time intervals and to exclude disturbances of smaller size or 
disturbances arriving at unfavourable time intervals“. Consequently © 


it may be of some importance to know that the size of the disturbance 


in normal conducting tissue cannot be altered by compelling the 
disturbance to pass through a region of decrement before entering the 
normal region any more than it can be altered by the strength of 
stimulus which sets the disturbance in motion. Indeed it would appear 
that the only way of sending a disturbance of subnormal dimensions 
down the path of conduction would be to send it in the wake of a 
previous disturbance at such an interval that the second must travel in 


tissue which has still not recovered completely from the passage of the 


first. Again a disturbance is not more likely to be extinguished in 


passing through a dozen similar regions of decrement than in passing 


through one, provided that it is given an opportunity to increase to full 
size again between the areas of reduction. Clearly, however, = 
experiments are required to establish this point of view. 

In this discussion the identification of the ultimate 8 
elements with any histological structures in the nerve has been left 


untouched. The disturbance must recover to its normal size after local 


reduction whatever the ultimate units of the nerve may be; but it does 
not follow that the response of the whole nerve fibre is necessarily 
invariable. Each nerve fibre may comprise several conducting units or 
neurofibrils of different origin and distribution and thus the response of 
the whole fibre might vary, as the response of the nerve trunk varies, 
by an alteration in the number of units in action within it. Such 
evidence as there is seems to be altogether in favour of the idea that 
the nerve fibre is the ultimate conducting unit. Lucas has shown that 


i Journal, p. 407. 1006. Loe. eit 
Lucas. 88. 1911. Ibid, xurv. p. 122. 
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the muscle fibre is the ultimate unit of contraction’ and he has also 4 | 
shown that stimuli of graded intensity applied to a motor nerve fibre 


either produce a full contraction of all the muscle fibres in connection 
with it or else have no effect at all“. Thus if the nerve fibre is sub: 
divided into fibrils, these fibrils must all be of the same excitability or 
else only one of them has any connection with the muscle fibres. Of 
course this does not exclude the possibility that the fibrils might have 
different connections in the central nervous system and — be 


By measuring the ‘initials of the propagated disturbance in terms 
of its ability to undergo a decrement in a region of imperfect conduction, 
it has been shown that the size of the disturbance i is unaffected by any 
changes it may have undergone in other parts of the nerve. On 
leaving a region of decrement produced by anæsthetics the disturbance 
increases in size until it is fully equal to a disturbance which has 
been set up in normal tissue and has undergone no reduction in 
its course. Alterations in the temperature of that part of the 
nerve in which the disturbance is set up are also without effect on 
its magnitude in other regions. The increase of a subnormal dis- 
turbance on entering normal tissue is certainly complete before the 
disturbance has travelled 5mm. in the normal region and it may be | 
instantaneous. Thus it may be said that alterations in the size of the 
disturbance produced by local alterations in the condition of the nerve = 
are not transmitted into regions where the conditions are normal. This 


9 


agrees with the fact that the time relations of the response are changed | 

in the affected part only. | 
These conclusions apply to the magnitude of the disturbance in éach | 

conducting element of the nerve and therefore they are not necessarily 1 


opposed to the results obtained by Boruttau and Fröhlich in their 
measurements of the electric response of the whole nerve trunk. : 
Since the disturbance increases to a fixed size on entering normal 
tissue no matter what its size may have been at the end of the region 
of decrement, it appears that the disturbance in normal tissue mut 
obey ‘the all or none principle. In a region of decrement this principle 


cannot hold, as the size of the disturbance at any point will varywith = @ 
the distance travelled in the affected region. _ : 


In conclusion I wish to thank Dr Keith Lucas for his 1 
criticism and advice in connection with this paper and for allowing me 
to use so much of his apparatus. 
1 This Journal, Xun. p. 125, 1906. * Ibid. xxxvut. p. 128. 19090. 
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BRONCHO-DILATOR NERVES! By W. E DIXON 
| * FRED RANSOM: 


(From the Pharmacological Laboratory, Cambridge.) 


History. In 1903 one of us with Dr T. G. Brodie? gave the first 
clear evidence for the presence of broncho-dilator fibres in the vagus. 
We found also that the vagus contained broncho-constrictor fibres, but 
failed to find any evidence in the syfipathetic of efferent nerve fibres 
for the bronchial muscles. In this paper a complete account of earlier 
observations is given, and it need not be repeated here, These results 
have been amply confirmed both as regards the presence of con- 
strictor and dilator fibres in the vagus nerve by Prevost and Saloz‘. 
Januschke and Pollak“ also using the method of Dixon and Brodie 
obtained evidence of slight broncho-dilatation on the administration of 
adrenalin (0°1 mg.), but the effect of adrenalin was much more decided 
when the bronchioles were first thrown into contraction by means of 
muscarine, They suggest tentatively that sympathetic broncho-dilator 
nerves may be present. Dixon and Brodie had failed earlier to 
obtain this effect, but they were of course working with crude supra- 
renal extract. Möllgaard' has recently extirpated one lung from the 
dog or cat and after varying times traced the degeneration. He found 
in the dog that the nerve stations were for the sympathetic in the lung 
the middle cervical ganglion, and for the vagus chiefly the ganglion 
- nodosum. He noted that some of the fibres of the sympathetic from 
the two sides cross. In thé cat he found that the ganglion stellatam 
was the chief station for nerve cells. 
_ Methods. Animals. Anasthesia. We have employed the Dixon- 
Bem ie oncometric method of recording the changes in lung volume 
i wore by grunt frome the Royal Bociety. 
2 Beit Research Fellow. a 
Dixon and Brodie. This Journal, p. 97. | 
4 Arch, Internat, de Physiol. vn. p. 827. 1909. 355 


* Ach. f. exp. Path. u. Pharm. txvi. p. 205. 1911. 
Arch. J. Physiol. p. 815. 1912. 
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during artificial respiration. It is hardly necessary to point out that 
each thrust of the pump should deliver constantly throughout the 
course of each observation the same volume of air, and we adopted the 


same precautions as were adopted by Dixon and Brodie. The recorder 


employed was a tambour covered with very thin rubber, and applied 


quite loosely, so that it could measure considerable alterations in 5 


volume without any marked variation in pressure: any pressure which 
hinders the free entrance of air into the lung invalidates the experiment 
in proportion to the degree of pressure set up. The middle lobe of the 
right lung was placed in the oncometer in all the experiments. Blood- 
pressure was always recorded from the right femoral artery, and drugs 
were injected into the right femoral vein. The observations were e 
entirely upon cats. 

We have employed two of ansesthesia; frst 
consisted in complete destruction of the brain and sometimes the medulla; 
the second in the production of a preliminary general anesthesia with 
A. C. mixture followed by the injection of urethane into the peritoneal 
cavity to the extent of about 14 grams per kilo body weight. We have 
found that the necessary half-hour interval between the administration 
of the volatile ansesthetie and the commencement of the observations, 
a period during which the animal is receiving artificial respiration, is ! 
sufficient to get rid of any volatile anesthetic, at all events in so far 
as it affects the peripheral nerves in the bronchioles. It is well to 
remember that urethane has a depressant effect on all forms of plain 
munen and an excessive dose may easily invalidate an experiment. 

In order to exaggerate the effects of vagal stimulation and to 
produce a small degree of bronchial tonus we have employed physo- 
- stigmine. It is well recognised that physostigmine in small doses, such 
as 1 or 2 mgr. increases the excitability of the cranial and sacral 
autonomic ‘nerves, and slightly increases the tonus in plain muscle. 
This amount of the alkaloid injected into the cat produces salivation 
and sweating, and causes dilatation of the pupils followed in a few 
minutes by well-marked constriction. Irregular twitchings of voluntary 
muscle are usually to be seen but they are never severe and in the 
course of a minute or two pass off. The bronchial tonus which the 
physostigmine induces passes off in about an hour and a further dose of 
physostigmine may be required if the experiment is not completed. 
We were led to adopt this method for artificially increasing tonus as 
the result of some experiments which we were conducting on physo- 
— in which we learnt that death from this alkaloid is invariably 
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caused by 1 and most violent broncho - oonstrietion: incidentally 
we found that the life of the animal could be prolonged indefinitely by 
continually injecting small doses of adrenalin, not through any action 
of this substance on the vascular system but, as we show in this paper, 
by its action on the sympathetic system in causing broncho-dilatation. 


Dixon and Brodie and other investigators failed to find bronchial 


nervous tone normally existing; but it must be remembered that the 
experiments were made upon decerebrate or anssthetised animals and 
in either case the central nervous system would no doubt have lost most 


ol its activity so that such experiments afford no — that tone 


does not exist in the normal condition. | 9 ns 


Big. 


Wee Urethane. Lung vol. and B.-P. Shows the effeot of exciting the post-ganglionic 


flbres from the ganglion stellatum to the lung C=5 cms. Time=5 secs, 
Fig. 2. Decerebrate. Lung vol. and B.-P. ee 
passing over the annulus of Vieussens. Coil at 6 ems. Time=5 secs. F 


Broncho · dilator fibres. All previous observers in referring to ie 
vague are, we believe, speaking of the vago-sympathetic nerve, and no 
mention is made, so far as we can discover, of attempts to separate. the 
one nerve from the other. Of course in the rabbit separation is not 
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necessary, but we find no reference to the broncho-dilators in the rabbit's 


vagus. Definite evidence of broncho-dilatation is confined to the cat 
and dog. In the present experiments we have determined the action of 
the vagus and of the cervical sympathetic nerves separately. ane: 
Ne thoracic sympathetic. If the main accelerator nerves, that is 

those which leave the sympathetic in the region of the ganglion stella- 
tum, are tied and cut, and the ends connected with the lungs are excited 


by the faradic current, decided broncho-dilatation invariably ensues, 


provided that the bronchioles are in a state of some tonus. The dila- 


tation is often maximal; it commences with the stimulation, gradually 


passes off to the former condition of tonus so soon as the stimulus is 
removed, and can be repeated 
an indefinite number of times. 
A typical record of this nature 
is shown in Fig. 1. A similar 
effect may be obtained by stimu- 
lating the annulus of Vieussens, 
the fibres passing by the small 
accelerator nerves which leave 
the sympathetic in the region 
of the inferior cervical ganglion. 
In one case indeed we found | 
there were no broncho-dilator | 
fibres in the main accelerator, 
but that they all took the course 
of the annulus (Fig, 2). Electri- 
cal excitation of the cut peri- 
pheral ends of the first, second, 
third and sometimes the fourth 
dorsal rami also produced a, like 
effect. Broncho-dilatation was 
not obtained by stimulation of 
the rami, when the accelerator 
nerves on the same side had 
Ne cervical sympathetic. It is also easily shown that some of the 
_ fibres in the cervical sympathetic are broncho-dilator in nature and pass 
out by the accelerators. Fig. 3 shows the effect of exciting the 


thoracic end of the cut cervical sympathetic nerve on the right side. 


In this instance immediate and profound broncho-dilatation occurs on 
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the right side, and this condition remains maximal just so long as the 


stimulation continues, and gradually passes back to its original state 
of constriction after the stimulation ceases. Sometimes when the 
initial dose of physostigmine, has been larger than that administered 
in this experiment broncho-constriction recurs immediately the stimulus 
ceases. In Fig. 4 the effect of two short excitations of the right cut 


Fig. 4. Fig. 5. 
Fig. 4. Decerebrate. Lung vol. and B.-P. Shows the effect of exciting the cervical 
sympathetic nerve on two occasions. Time=65 secs. 5 


Fig. 5. Deoerebrate. Lung vol. and B.-P. Shows the effect of exciting first the peri- 


5 secs. 


cervical sympathetic nerve to the lung is shown: here both the dilatation 
and subsequent contraction are very rapid, the dilatation occupying very 
little more time than the duration of the stimulus. Not infrequently — 
the effect can be brought out most clearly by exciting the thoracic end 
of the cut vagus and sympathetic nerves alternately on the same side 
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in the neck as in Fig. 5. In this experiment the right vagus was first 


excited with a moderate current and during the stage of partial 
recovery the sympathetic nerve was ‘excited and this caused decided 
dilatation. Alternate constrictions and dilatations can be 80 e 
an indefinite number of times. 

The sympathetic fibres in the neck passing to the lungs are net 


confined to their own side but may cross partly, or in some cases the 
experiments suggest almost completely, to supply the bronchioles of the 


a lung. dud 6 is the record of an experiment in which the 


tor Fig. 6 Urethane. Lung vol. and B.-P. Shows complete crossing of fibres from left to 
right side. At (1) the left peripheral vagus was excited C=8; at (2) the right peri- 


pheral vagus O8; at (8) the right peripheral sympathetic C= ö; 


‘sympathetic C=5. Time=6 secs. 


| crossing from the left to the right side appeared ae the right | 


cervical sympathetic nerve had no demonstrable broncho-dilator fibres 


to the right lung, but the left cervical sympathetic had a plentiful 


supply of broncho-dilators to the right side. It is interesting to note 
that in this cat the vagal fibres to the bronchioles also appeared to 
cross completely, so that excitation of the right peripheral vagus was 
without effect on the bronchioles of the right lung, whilst excitation of 
tbe left peripheral vagus caused immediate and profound constriction 


on the right side. In this experiment we did not determine whether 
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the broncho-motor nerves in the vagi and sympathetics crossed on both 


sides, or whether all the broncho-motor nerves were confined to the left 
side. Partial crossing is certainly the most common feature. But 
whilst: the cervical sympathetic usually has some broncho-dilator effect 
the action is usually at any rate consideragly less than that produced by 


stimulation of the upper thoracic rami. After the administration of 


atropine stimulation of the sympathetic nerves was always without effect ; 
this is no doubt because atropine dilates the bronchioles to the maxi- 
mum as the result of paralysis of the broncho-constrictor fibres, and 
without some muscular tone it is of course impossible to show inhibition. 

The cell connewions of the sympathetic fibres. If the ganglion 
stellatum and the inferior cervical ganglion are painted with half per 
cent. solution of nicotine the effect of exciting the dorsal rami as well as 


the cervical sympathetics is lost, so that we may assume that these 


fibres are all connected with ganglion cells in the sympathetic chain. 
It becomes necessary therefore to enquire the way in which efferent 
fibres to the lungs come to be in the cervical sympathetic nerves, which 
are generally regarded as composed of fibres going to the head and neck 
region only. Several explanations exist and must be considered. One 
possibility is that some of the fibres from the dorsal roots instead of 


making cell connexions in the inferior cervical ganglion or stellate 


ganglion pass up to the superior cervical ganglion, form synapses there 
and return as post-ganglionic fibres to the lungs. But if this were true 
painting the ganglion stellatum with nicotine should not affect faradic 
stimulation of the cervical sympathetic nerve. The superior cervical 
ganglion is connected with the first, second and third cervical nerves by 
grey fibres only and excitation of these so far as we have been able to 
determine does not affect the bronchioles: the experiments were not 
however very satisfactory. This leaves three possibilities, either the 


pre-ganglionic fibres pass upwards in the cervical sympathetic nerves 


looping and returning to join their nerve cells in the ganglion stellatum 
or pre-ganglionic fibres in some way reach the sympathetic through the 
ganglion nodosum. The first supposition does not seem probable 


because as great an effect was obtained by exciting the cervical 


sympathetic high up as low down. The second hypothesis that the 

broncho-dilator fibres reach the cervical sympathetic nerve high up in 

the region of the ganglion nodosum seems more likely but we have 

not been able to trace the fibres. Still another explanation has been 

to us by Prof. Langley namely that we are exciting an axon — 

reflex: this could be determined by cutting the cervical sympathetic 
PH, XLV. | 28 
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400 p. & DIXON AND N RANSOM. © 
nerve and after allowing sufficient time for degeneration, stimulating 


the peripheral end. If the fibres run down the sympathetic the effect 


should be absent; if it is an axon reflex it should be present. It. is 
proposed to investigate this point later. 
The vagus. After numeraus experiments specially devised to show 


broncho-dilator nerve fibres in the vagus, we conclude that there is no 


constant evidence of the existence of such fibres. Occasionally small 


degrees of dilatation may be obtained but it is altogether insignificant — 
when compared with the sympathetic effect. Moreover there is a 


constant source of error in these experiments as when the vagus is 


: excited, broncho-constriction might be produced on the animal's left side 
which under the conditions of the experiment would increase the force 
of the air reaching the right or experimental side and produce an — 


stimulating broncho-dilatation. 


Refle broncho-dilator effects. Although the vagus nerve contains 


an direct dilator fibres to the bronchioles, it certainly contains afferent 


fibres from the thorax and abdomen to the medulla which cause reflex 
broncho-dilatation. If in a properly prepared cat the two vagi be 


severed, excitation of either or both central ends causes in many 
experiments well-marked and unmistakable dilatation. This may be a 
reflex down the cervical sympathetic nerves, and no doubt it is partly, 


but certainly not mainly, because after section of these nerves in the 


neck broncho-dilatation is almost as good as before on exciting the 
central vagus. This reflex is lost however either on section of the cord 


in the upper cervical region or by cutting all the so-called cardiac nerves — 


from the ganglion stellatum. The course of the reflex is therefore via 
the medulla and lateral columns of the cord, passing out by the white 
rami of the first, second and third dorsal nerves. 

Fig. 7 is a record from a cat with both vagi and sympathetic nerves 
cut in the neck. Tone was produced by exciting the vagus nerve, and 
the figure shows that in this case excitation of the central ends of either 
vagus nerve causes dilatation. The dilatation here shown is not due to 
natural recovery. The vagi in this animal were so hyper-irritable, as 
the result of the physostigmine it had received, that recovery did not 


result naturally for some minutes after profound constriction had been 
produced by vagal excitation, The vagus nerve then besides containing 


efferent motor fibres to the bronchioles, contains also afferent fibres to 
the medulla, (1) connected with the thoracic sympathetic system, 


(2) connected with under reflex 
constriction). 
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. BRONCHO-DILATOR NERVES. 421 
We have obtained no evidence that excitation of the central end of f 


a the cervical sympathetic nerves affects the bronchioles. 


Attempts to obtain reflex effects upon the bronchioles were sails 
also by exciting the central end of the thoracic sympathetic, In some 
of these experiments the accelerator nerves on the right side were tied 
and cut and the central end was excited by a faradic current. This 
method of procedure afforded no certain evidence that dilator reflexes 
were at work on the same side. The first effect was invariable broncho- 
constriction which closely followed the onset of the stimulation, and this 
was in a few instances followed by some small degree of broncho-dilatation : 


Fig. 7. Urethane. Lung vol. and B.-P. Both sympathetics in neck and vagi cut. Shows 
the effect of exciting at A peripheral right vagus C= 10; at B central right vagus C=6; 
at O the peripheral right vagus O=10; at D the central left vagus O=6. Time 3 cms. 
=1 min. 

when the stimulation was stopped broncho-constriction immediately 

became marked and quite often constriction continued until no air 

passed either in or out of the lung. It is obvious that in these experi- 
ments broncho-dilatation could occur only as the result of some crossing 

of dilator fibres from the left to the night: since = 

fibres on the right side are cut. : 
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Another series of experiments was undertaken in which the middle 
lobe of the left lung was placed in the oncometer and the central end of 
the cut sympathetic nerve connected with the ganglion stellatum on 
the right side was stimulated. Both vagi were severed. This afforded 


more certain evidence of broncho-dilatation, not it is true very profound 


but quite clear. : 


- Broncho-constrictor fibres, In the cat the vagal fibres in the neck 


supplying the bronchioles partly cross to the opposite side; the extent 
of the crossing varies in each animal. Sometimes all the fibres on one 
side seem to cross, although this is a rare condition, still in Fig. 6 the 
record of vagal stimulation in such a cat is shown: in this instance no 
degree of excitation of the right vagus produced constriction of the 
bronchioles in the right lung, though moderate excitation of the left 


Fig. 8. Urethane. Lung vol. and B.-P, Shows the effect of exciting at (1) right peripheral 
_ Vagus; at (2) the left peripheral vagus, and at (8) the right peripheral vagus. Coil at 


5 ems. in each case. Time=5 secs. 


35 vagus gave rise immediately to well-defined constriction. It does not, 


ol course, follow from this that the broncho-constrictor fibres for the left 
lung came from the right side although this may have been the case. 
Fig. 8 shows the most usual condition: in this animal the innervation 


was such that excitation of either vagus caused well-defined broncho- 


constriction in the right lung, the effect being more pronounced when 


the right vagus was excited. In this figure the effect of stimulating the 


right vagus is shown at 1 and 3 and the effect of stimulating the left 
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vagus at 2. As it happens in this instance all the inhibitory fibres to 
the heart are in the left vagus, but this condition is of course variable 
and bears no relation to the presence or absence of broncho-constrictor 
fibres. The same condition is shown in Fig. 9: in this example the 
animal had been killed some minutes previously by bleeding, and it will 
be seen that excitation of the left vagus nerve causes moderate broncho- 
constriction of the right lung, whilst stimulation of the right vagus with 
a current of equal strength occludes the bronchioles completely, so that 
air can neither enter nor leave. Just as it is rare for all the fibres to 


cross over 80 it is rare to have no crossing; the vagus nerve supplies in 


| Fig. 9. | Fig. 10. | 

10 8 Dead cat. Lung vol, shows the relative effects of exciting the left vagus at A 
and the right vagus at B. Ooil at 10 ema. Time 5 secs. 

Fig. 10. Urethane. Lung vol. and B.-P. Shows the effect of exciting the left central 
vagus, Coil at 8 cms. 
Time=5 secs. 


some degree the bronchioles on both 3 This fact is at variance 
with the views expressed by Dixon and Brodie, but their experiments 
were largely made on dogs in which the vago-sympathetic was 8 excited 
and not the separated vagus. 

The cervical sympathetic nerve rarely contained broucho-constrictor 
fibres, but in two instances we have recorded broncho-constriction on 


powerful excitation, once of a sufficiently decided character to occlude 
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424 We FE. DIXON AND F. RANSOM. 
the: bronchioles temporarily. This condition is unusual, just as the 


presence of broncho-dilator fibres in the vagus is unusual. We regard 


it as probable that in both these unusual cohditions each nerve contained 


some fibres arising from the other and some such fibres are known': 80 
that dilator fibres may be found on occasion apparently in the vagus _ 


constrictor fibres apparently in the cervical sympathetic. 
Reflex broncho-constriction has been described by as 
the result of exciting the mucous membrane of the nose and larynx ; by 


Einthoven by exciting the central cut end of the sciatic nerve in one 


instance; by Dixon and Brodie by exciting the mucous membrane of 


the nose; by Prevost and Saloz by exciting the nose, the central end 
of the crural or vagus nerves. The latter observers also remark that 


the reflexes are exaggerated by 
_ physostigmine, We find that reflex 
broncho-constriction can be ob- 
tained more or less readily by 
exciting the central cut ends of 
various afferent nerves. They are 
obtained very readily by exciting 
the central end of one vagus nerve, 
whilst the other remains intact: 
both Einthoven and Dixon and 
Brodie were unsuccessful in show- 
ing this reflex. It must be re- 
membered that one vagus: nerve 


may contain few or no fibres to pig. 1 ‘Urethane, Lung vol. and B. P. 


the bronchioles, in Which case ex- Shows the effect of exciting the central 
citation of the central end of the end of the cut accelerators with the 
opposite vagus is not likely to exert 


Time= 
any decided degree of broncho- waa 


constriction. The easiest plan to obtain an effect is to. excite the two 
vagi alternately whilst intact, with a weak current; and if one is found 


to exert a greater effect than the other to cut the less active nerve and 


excite its central end. Fig. 10 shows the effect of exciting the central 
cat end of one vagus nerve: it will be noticed that it causes immediate 
broncho-constriction of a strength sufficient to occlude the bronchioles 


completely. When the opposite vagus nerve is also cut, central 


of either never causes 


This Journal, xxv. pi 471. 1000. 
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“BRONCHO-DILATOR NERVES, 425 
broncho-dilatation under these conditions may occur as we have ee 


pointed out. 


Reflex broncho-constriction can also by cutting anil 
exciting the central end of the thoracic sympathetics, Fig. 11 shows 


the effect of exciting the central stump of the cut accelerator fibres 
connected with the ganglion stellatum, a gradually increasing broncho- 
constriction is produced. We have also observed broncho-constriction 
whilst exciting the central end of the second and third rami. In no 
case have we observed any sign of e e ee after section 


of the: vagus: nerves. 


The action of adrenalin and atropine. Dixon and Brodie? 


that crude suprarenal extract exerted little effect on the bronchioles, 


de Gamrat* using adrenalin obtained variable results but twice 


noticed broncho-dilatation after an intravenous injection; and Prevost 
and Saloz* obtained negative results only after the intravenous injection 
of adrenalin. It is quite certain from what we know of the action of 
adrenalin that if the broncho-dilator nerves belong to the sympathetic 


system then adrenalin should cause profound broncho-dilatation. 
Kaplan‘ and Jagie“ and later numerous other clinical observers have 


noted that the injection of adrenalin relieves the spasm in patients 
suffering from bronchial asthma. Januschke and Pollock“ using the 
Dixon and Brodie method showed on decerebrate and ether anzsthe-. 


tised cats that adrenalin slightly dilates the bronchioles; but if the 


bronchioles were first thrown into a condition of tonus by some drug such 
as muscarine, then adrenalin caused profound dilatation. Trendelen- 


burg’ using an isolated ring of ox bronchus suspended and fixed to a 
writing lever in ” usual way found that adrenalin caused marked 


relaxation. 
In these experiments on cats we have always found that when the 


bronchioles are not fully relaxed adrenalin causes a maximal broncho- 


dilatation. Fig. 12 shows the result of an experiment on a cat 
anwsthetised with urethane. The sympathetic nerves as they come off 
from the ganglion stellatum were first excited and it will be seen how 


little is the effect (A) on the bronchioles, the reason being that urethane — 
and indeed most anesthetics cause maximal broncho-dilatation. In 
this condition we shave found neither sympathetic 


en p. 171. | 2 de Gendve, 1909. 
Bertin. klin. Woch. p. 588. 1900. bid. 
1 f. ep. Phares. p. 70. 1912. 
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„% AND RANSOM, 
adrenalin nor atropine cause any significant increase in the lung-volume 


at any fixed air pressure. In this experiment the vagus nerve was then 


excited with the secondary coil at 10 ems. which produced some 
broncho-constriction shown at (B) and when the muscle tone in the 
bronchioles was constant an injection of adrenalin was made into a vein 


(C). The adrenalin caused a fairly rapid broncho-dilatation, but it will 


be noticed that the degree of dilatation does not exceed that which was 


present during the sympathetic stimulation at (B) before the vagus 
nerve was excited. Later in this experiment the injection of a large 
dose of atropine, enough to abolish completely any vagal action or any 
effect which muscarine or physostigmine produces, caused no further 


dilatation. 


Fig. 12. Urethane. Lung vol. and N. Ad A the ight secelerator bundle was excited — 
with the coil at 5 ems. At B the right vagus was excited with the coil at 10 ems. 


and at C 16.6, of 1 in 10,000 adrenalin was injected. Time 5 secs. 


The contrast between the action of adrenalin and atropine is 8 
seen in Fig. 13, in which the animal was decerebrate. In this instance 
the vagus nerve was very active on account of a previous injection of 


physostigmine. Adrenalin was administered at (A) and almost at one 
the bronchioles commenced to dilate, slowly at first, but much more 


rapidly later until maximal dilatation was reached. As the adrenalin 
effect passed off the bronchioles commenced to constrict again and in two 
and a half minutes from the time of injection the constriction was such 
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BROVOHO- DEA TOR NERVES. 427 


that almost no air was entering or leaving the lobe under observation. 
At (B) a dose of atropine was injected into the circulation and the 
bronchioles once again rapidly dilated to their maximal extent, but 
nom the dilatation was permanent and by no means that we tried 
(adrenalin, nitrites, sympathetic stimulation) have we been able to 


obtain any further degree of dilatation. 


Adrenalin then causes an active dilatation that is transient and 
atropine a passive dilatation that is permanent. | 


v 


Fig. 18. Decerebrate. Lung vol, and B.-P. Physostigmine had been given earlier in the | 


t. Shows the effect of injecting at A 1 0.0. 1 in 10,000 adrenalin, and at 
B 1 0.0. 1 in 1000 atropine sulphate. Time=5 secs, 


Fig. 13 also shows the effect of adrenalin and atropine upon the 
heart-rate under these conditions. Adrenalin has very little effect on 
the rate of the heart but atropine causes decided acceleration and a rise 
in blood-pressure largely due to this factor. From this we conclude 
that the antagonism between the two nerves supplying bronchial 
muscle is more nearly equal than the antagonism between the two 
nerves supplying the heart: in the latter instance we vagal effect far 


the sympathetic. 
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CoNncLUSIONS. 
I. The bronchial muscles are supplied by powerful broncho-dilator 
nerves which are sympathetic in origin. 

2. The fibres proceed mainly through the rami of the first, second 
and third dorsal nerves, are connected with nerve ganglia in the ganglion 
stellatum and proceed to the lungs with the cardiac accelerators. 
A variable number of fibres pass down the cervical sympathetic and 
these too have their cells in the ganglion stellatum. 

8. Some crossing of fibres to the bronchioles of the opposite lung is 

the rule, 
4. Very occasionally we have found evidence of 8 
fibres in the sympathetic of the neck and of broncho-dilator fibres in the 
vagus. The effects are always insignificant and we believe are due to 
each nerve containing some fibres arising from the other. 

5. Reflex broncho-dilatation was obtained by exciting the 3 


end of the vagus nerves after section of both, and of the cut central end | 
of the accelerator nerves, also after section of the vagi, this being a 


crossed reflex. 


6. The broncho-constrictor fibres in the vagus cross. to a variable 


extent but some crossing in the rule. 


7. Reflex broncho-constriction was obtained by exciting the central | 
end of one vagus, the central end of the accelerators and the central end | 


of the anterior crural nerve. 


causes active dilatation ; causes passive 
dilatation. | 


8. Adrenalin administered to an animal showing bronchial — 
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‘OBSERVATIONS ON THE EFFECTS OF MUSCULAR 


EXERCISE UPON MAN. By F. COOK, M.B., BSo., late 


Research Student in Physiology, 
* S. PEMBREY, MA, MD. 


Gen the Physiologica Laboratory, Guje Hol) 
00 4 


1. Respiration . ay 
Respiratory quotient . . . 
Volume of air breathed and rato of respiration . 


j 


8. ‘Temperature . V 

5. Summary 


The effects of exercise upon 1 men 


and animals are well known and the importance of training has been 
repeatedly demonstrated. It is difficult, however, to explain many of 
these effects, for the data upon the physiology of muscular work are 
not sufficiently numerous. In the present paper will be given the 
results of observations upon the respiration, pulse and temperature of 
healthy men before and after exercise: the object in view has been the 


investigation of muscular dyspnea, “second wind and training. As 


the subjects of experiment we have been fortunate in obtaining medical 


students at Guy's Hospital and we wish to thank them and Mr A. Baker, 


i Assistant in the Physiological Laboratory, for their invaluable: aid. 


1. Respiration. 
iter 


exercise. The efficiency of the exchange of gases between the blood 


ö be expenses of the investigation were defrayed from grants received from the Royal 


Bosioy and the British Medica! 
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430 F. COOK AND M. 8 PEMBREY. 


and the air can be determined most readily in man by an analysis of 
the alveolar air obtained by Haldane and Priestley’s method In this 
research slight modifications were introduced for the rapid collection of 
samples, The gas sampler was made vacuous by a mercury pump and 
the last portion of the air of an expiration was collected. This was 
done in order that no abnormality should arise from delay or undue 
interference with the breathing after exercise. There was the further 


advantage that the results could be compared with those obtained 


from patients suffering from pathological conditions of dyspnea. The 
percentage of oxygen was determined in addition to that of carbon 
dioxide, for we believed that there was truth in the old view that lack 
of oxygen was a factor in dyspnea. In most cases the volume of air 
expired was measured by a meter of low resistance in order that proof 
might be obtained that the sample represented fairly the alveolar air. 
The analyses were made with Haldane's apparatus for gas analysis, 
which gives results reliable to about 01 p:c.; our results are expressed 


in the percentage’ found by analysis and not in millimetres of mercury, 


for the corrections for ordinary variations in atmospheric pressure are 


not necessary. for. the. purpose of these e — there are no 
differendes in altitude to consider. 


The following table gives the ee in volumes per cent. of 
the alveolar air of men at rest. 


TABLE I. Percentage composition of alveolar air of men at rest. 


age Range age mum 

A.B. 9 575 604 536 68 14°75 15:12 1438 ‘74 90 ‘97 “79 ‘18 
¥.0. — — — 
4.561 6°77 524 -58 15°10 16°59 1468 96 94 100 89 11 
J. L. R. 4 680 660 495 6 
628 662 487 66 14°69 15°06 1449 67 81 82 80 02: 
2 5664 577 552 2 16°29 15°59 1499 60 1:00 108 96 07 

A. H. G. 8 5°44 5°48 5°38 10 14°98 15°51 1418 36s 90 099 77 22 

J. H. R. 2 549 5°71 527 44 1411 14°32 1891 41 76 76 ‘75 01 

10 — 1400 «15°59 18-01 1°68 90 108 76 28, 


Haldane, Methods of Air Analysis, p. 57. . N 
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The means of 50 observations upon 10 men are 5‘57 pe. of carbon 
dioxide: and 14˙89 pia. of oxygen; the maxima are 6°11 and 15°59; the 
minima 4°87 and 13°91. These values for the carbon dioxide can be 
coinpared with the results obtained by Haldane and Fitzgerald 
upon 27 men, mean 5°59 p.c.,, maximum 6°34 and minimum 472 and 
with those of Hill and Flack« upon 17 men, mean 5°32, maximum 6°35 


‘and minimum 405. Our figures for the percentage of oxygen in the 


alveolar air, mean 1489, maximum 15°59 and minimum 13-91 may be 
compared with those of the last observers, mean 13°97, maximum 1612 
and minimum ‘1230: for 17 men. The respiratory quotient in our 
* varied from 103 to 0°75, with a mean of 090 ö; 

The next table gives the results for the composition of the Adele 
als immediately after exercise; the subjects were, with one or two 
exceptions, medical students, and their initials afford a méans of com- 
paring the individual values before (Table I) and after exercise (Table II). 
The means of 42 observations upon 10 men are 6°52 p.c. of carbon 
dioxide and 14°38:p.c. of oxygen; the maxima are 8:18 and 16°08, the 
minima 495 and 12°80; The quotient varied from 187 


mean of 100. 


A.B. 20 6°79 818 56-42 2°71 14-02 15°16 12°80 2°86 99 1°37 62 88. 
F.0. 8 G21 664 599 65 14°77 15°34 18°69 1:65. 101 106 80 +19 
2 688 674 
J. L R. 2 681 568 495 -78 15°58 16-08 1499 109 97 101 94 -07 
M. M. E. 2 663.670 656 14( = „„ 
H. G. 4 662 7°80 5°42 1°88 1491 15°57 14:10 1:47 1˙11 101 25 
J. R. 4-628 7°36 5°70 1°66 14°48 15°41 18°88 158 95 107 81 26 
1 —- = — 106 — 
«48 662 818 495 — 


A comparison of the two tables shows some interesting differences. 
The muscular exercise, which was vigorous but not excessive running, 
produced a rise of about 1 p.c. in the carbon dioxide and a fall of O5 p.. 
in the oxygen; the maximum for the carbon dioxide is as high as 
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452, ＋ 000K AND M. 8. PEMBREY. 
8°13 -p.c. and is 2 p. o above the corresponding figure during rest. The 


respiratory quotient shows a very definite rise and in ee cases was . 


above 1, the maximum being 1°37. 


There are personal differences in the response to muscular exercise, 


but these are not due apparently to training or the lack of training; 
some of the most athletic men showed the highest percentage of carbon 
- dioxide in the alveolar air after exercise, but there was no proof of 

a definite relationship. Under the ordinary conditions of muscular 


exercise the percentage of oxygen in the alveolar air does not show so 


great a change as that of carbon dioxide; the oxygen is more constant 
than the carbon dioxide. 


Further investigation showed us that it was necessary to take into 


account the duration of the exercise. This will be considered in 5 
section on second wind.“ 


Respiratory quotient. In such observations as those which we Sa 


just given there arises the question of the interpretation of the 


respiratory quotient, the ratio of the carbon dioxide discharged to the 
oxygen absorbed. There is little doubt that the respiratory quotient 


represents the resultant of various processes of combustion, in some of 


which oxygen is absorbed without a corresponding output of carbon 


dioxide; in others carbon dioxide is discharged in excess of the oxygen 


absorbed, the extra quantity of oxygen contained in the carbon dioxide 
being derived from the intramolecular oxygen of the food. Apart from 
the question of these changes due to the oxidation of protein, carbo- 

hydrate or fat and apart also from the question whether the respiratory 
- quotient gives evidence of the conversion of carbohydrates into fat and 
of fate into carbohydrates, it is necessary to consider the reliability of 
the respiratory quotient obtained as the result of the analysis of one 


breath or of the air expired during a short period of observation. If 


the condition of the subject is one of rest there is evidence that the 


respiratory quotient represents the resultant of the metabolic activities 


taking place within the body, for consecutive samples of the alveolar 
air agree. On the other hand there is no doubt that a rapid ventilation 
of the lungs can wash carbon dioxide out of the blood, without producing 
a corresponding increase in the absorption of oxygen. Such rapid or 
deep breathing may not be due to the ordinary metabolic processes, to 
an increased pressure of carbon dioxide in the blood supplying the 
respiratory centre in the medulla, For example, artificial hyperpnoa in 
a healthy man will wash carbon dioxide out of the blood, reduce the 
tension of carbon dioxide in the alveolar air, raise the tension of oxygen 


* 5 


— 


‘ 5 
* ＋ 
F. 

ig — 

8 

ay 

7 

— 

| 

33 | 

af 

2 

* 

2x 

. f 14 

. 

K. 

J 

4 
1 

7 1 

1 

* | 
. 
| 

* 

* 

2 Se 

4 

ve E. 

+ 

me 

7 

A 

* ue: 

1 

>. 

« 1 ay 

7 

* 

Se 
* 
— 
* 


EFFEOTS OF EXERCISE. 
and produce a respiratory quotient much above 1297 _ is shown 


a by the following analyses’ of alveolar air: 


F. TForved breathing. 
* 4:16 17-99 146 

B. 40 18-39 16 


‘If, however, the hyperpnaa has persisted for race as it may in 
patients suffering from diabetic coma or cardiac disease, a different 
condition is established and low respiratory quotients are o obtained, as 
shown by the following examples: 


Diabetic Coma? 


21 2°29 1700 54 884 
146 | 4 set un 


In these cases the respiratory quotient appears to give an indication 
of the nature of the metabolic processes, for in some it could be altered 
by a change of diet. 

During muscular work the respiratory quotient varies according to 
the condition of the subject and the severity and duration of the work 
(cp. § 4 on “second wind”). Here it is only necessary to mention that 
in dyspnea the vigorous ventilation of the lungs washes out carbon 
dioxide and raises the quotient ; for this reason no definite conclusion as 
regards metabolism can be drawn from the quotient obtained under 
such conditions. 

“Volume of air breathed and rate of respiration before and. after 
exercise. It is not easy to determine exactly the rate and depth of 
breathing in healthy men; there is a tendency for the subject to alter 
his breathing directly his attention is drawn to it. In our experiments 
the subjects breathed through a mask provided with inspiratory and 
expiratory valves and connected with a meter of low resistance: this 
method was found to be more comfortable than breathing through a 
tube held in the mouth after the nose had been closed with a clip. 
The subject was seated during the observation and was unable to wad 
the revolutions of the hands of the meter. a 
1904), p. xiv. "Med. Chir. 

2 Brit. Med. Journ, 1908, Aug. 29th. 
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484. F. COOK AND M.. 8. PEMBREY. 
At rest. The volume of dir breathed was observed in 35 subjects 
upon whom 111 determinations were made; the maximum was 16 litres 
per minute, the minimum 5 and the average 9°2. The rate of breathing 
was determined in 70 observations upon the same subjects; the maximum 
was 26 respirations per minute, the minimum 7 and the average 179. 
In another separate series of 35 determinations upon 35 medical 


students other than the foregoing the maximum for the volume of air 
breathed was 14°5 litres per min., the minimum 5˙5 and the average 9°6. 
The rate of breathing in the same series gave for the maximum 
-_ 24 per min., for the minimum 7 and for the average 14. In the case of 
= the i man, who weighed in his clothes 13 st, 3 Ibs, (814 kilos), 
1 and was 6 feet in height, the volume of air breathed and the rate of 


breathing were 9 litres and 14 respirations per min. respectively: in the 
lightest man, who weighed in his clothes 8 st. 4 Ibs, (51°8 kilos) and was 
5 feet 9 inches in height, the volume of air breathed was 8˙4 litres and 
the rate of respiration 20 per min. The man, who had the highest te 
pulmonary ventilation, 14°5 litres per min. breathed 12 times per min. 
and the man with the fastest rate of ee eee. 
10°8 litres in that time. 
Not only were personal differences observed, but considerable a 
1 variations were found in the same subject at different times. For com- 
— parison may be given the corresponding data obtained by Schlesinger : 
9 and Pembreyw upon 16 subjects, medical students with two exceptions; | 
the means were 71 litres and 16°7 respirations per min., the maxima 50 
9˙7 litres and 24 respirations and the minima 5 litres and 10 respirations. f 
Haldane and Priestley found from observations upon 15 men the 4 


- respirations; men who breathe slowly generally breathe deeply. and. 
those who breathe quickly generally take shallow breaths.. There is fF 
very little doubt, as Haldane and Priestley have pointed out, that 1 
the older estimations, which give much lower figures for the rate and - 

depth of breathing, are incorrect, 

After exercise. After vigorous exercise a healthy man breathes . 
with his mouth open in order to diminish - the resistance to the passage 
of the air in and out of the lungs. The FEVR 


following values: means 8·55 litres and 152 respirations, maxima 
1688 litres and 21 respirations and minima 6 litres and 9 5 respirations. 3 
The volumes are in this series for air at 37°, in the previous ones * 1 
air at | 
In all of these separate series of e there is no definite. 5 5 
rélationship between: the volume of air breathed and the number. of 
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breathing through valves and a meter causes discomfort; this we 
diminished as far as possible by placing two thin rubber bags, such as 
those used for anwsthetics, in series between the ‘mask and the meter. 
This method has also the advantage of preventing great and sudden 
alterations in the level of the water in the meter. 

The following table gives data of the rate and — of ne 
and after exercise: 


At reat Directly after exercise 
verage 
A breathed Respirations vol. of eqn breathed Respirations vol. of each 
Subject per min. per per min. per min. respiration Length of run 


Le 9 19 474 27 30 Vy 
24 % 20 „ more. 
nn 


tar work u moch andthe times very slow compared with thon o 
running on a track. 


Breathing through valves and a meter cannot be held to represent 
the natural process; the resistance, particularly after vigorous exercise, 
plays a considerable part and demands of the subject accommodation to 
the new conditions, The type of breathing and to a less extent the 
volume are influenced thereby; the subject moreover often has the 
sensation of not being able to breathe enough. For these reasons our 


figures for the ventilation directly after exercise are probably minimum 


ones, At the time of these experiments Douglas had not introduced 
his excellent method for the determination of the respiratory exchange 
of man. In his apparatus the resistance has been reduced so that it is 


possible to determine the ventilation during vigorous exercise. 


It is clear that the ventilation of the lungs i is augmented greatly 5 
exercise and the respirations are increased in frequeney and amplitude. 
Further observations upon these points were made in connection with 


the experiments upon the influence of oxygen and the phenomena of 


“second wind” and are given in the sections which deal with . 


‘subjects. 


The influence of owygen. The 6 of oxygen has been i in- 
vestigated upon men before and after exercise. There appears to be 
little or no definite influence upon the volume breathed and the number 
of. respirations. when the subject at rest breathes oxygen instead of air 
— a mask and valves, In such * it is necessary to 
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take precautions to prevent the influence of suggestion and also to 
moisten the oxygen, which otherwise would differ from the air in being 
dry and cool. Under such conditions we found that most men cannot 

recognize any difference between pure oxygen and air. Our later 


results confirm those which have been publishedw already and need_ 


not be given in detail. 

In another series of experiments the subject breathed in and out of 
a spirometer, which had been filled with a definite quantity of air or 
oxygen. In each case he continued breathing until the “breaking 
point” was reached, until he could bear no longer the discomfort and 


distress. Such experiments were performed upon men before and after 


exercise and similar conditions were maintained in relation to the 
amount. of exercise and the quantity of gas or air in the spirometer. 
The subject did not know beforehand whether he would breathe air or 
oxygen. During rest the “ breaking point” appeared to be determined 
in n each case chiefly by the percentage of carbon dioxide ; after exercise, 


Subject vols. pc. vols. pc. in Total per min. Remarks 
B. al 6-21 43 24 76 16 Rest. Faceof subject ashy 
: Oxygn* 6385 218 40 110 16 Rest, Colourof face good. 
{sir 778 116 86 14 After exercise for 48 Sees., 
| running up &down stairs. 
68 4°95, 14°5 21 89 Ditto. 
10˙5 89 “68 211 
669 ĩðV 14 CD itt. 
\Oxygen® 899 85 1388 44 20 Ditto. 
Oxygen* 103 80 120 42 Ditto. 
Ae 4˙8 11˙1 50 22 26 Ditto. . 
73 27 16 800 28 Ditto. 
0. 5°27 76 208 44 18 ‘Rest.Colourgood,sweating. 
at ores" 6-8 80 340 89 16 Rest. Profuse sweating. 
124 28 5 18 After exercise for 26 been, 
logen 844 319? 70 2 19 Ditto. 
P. {Air 56 6 
114 80 16 Nest. 
3% 18 After exercise for 
Oxygen* 86 280 19 Ditto. 


dioride from rising too rapidly. 
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OF 437 
however, it was much easier for the subjéct to breathe oxygen than air 
and with oxygen the “breaking point” occurred when the carbon 
dioxide had reached a higher level. At rest the subject: could not 
distinguish between air and oxygen, but after exercise the postponement 
of distress during breathing enabled him to recognize that the spiro- 


‘meter contained oxygen. In some of the experiments a quantity of 


caustic soda was dissolved in the water of the spirometer; this absorbed 
some of the carbon dioxide expired and thus the period of breathing 


could be prolonged and a greater diminution of the oxygen could be 
produced. The results are given in the preceding table, p. 436. 


Instead of an analysis of the air of the spirometer determinations of 


the composition of the alveolar air at the “breaking point” were made 


in a few cases. These are given in the following table: , 


breaking point” 
B. Air 807 Rest. 
7.20 700 „ 
Oxygen 9 ˙67 45 
Oxygen 1052 46 
75 After exercise for 48 secs., running up and down. 
Oxygen 123 40 Ditto. 
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4 Air&Oxygen 11° 15 Ditto. 4 
4 6 81 9 40 Nest. 
. Air 7°40 8°25 4 
1 exercise, short 4 
C.. Air 9°25 9 After ran. 
85 Ditto 4 
Cie 
818 505 Rest. | 
| Air 611 11°26 First expiration after a period of apnaa. : 4 
: Air 7°85 9°67 Breath held for 40 seconds after 4 3 
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8-02 45 Breath held for 88 seconds after in- . 1 
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These observations: how that lack of oxygen acto as a stimulus to 
en especially after active exercise. It is necessary, however, 
to paint: out that the experiments exposed the subjects to conditions 


which were altogether abnormal. When a healthy man runs as rapidly 


as he can and ‘becomes dyspnaic the alveolar air of his lungs shows a 
rise in the percentage of carbon dioxide and a fall in the percentage of 
oxygen (see pp: 431, 444); but the differences are much smaller than 
those which ean be obtained under adverse conditions of experiment such 
as those just described. The amount of oxygen is less affected under 
ordinary conditions of work than is that of carbon dioxide and it seems 
to us that the administration of oxygen is of value only when the 
conditions are pathological. This condition of — * 8 


2. 


An .examnination of the pulse affords the ie 
the influence of muscular exercise, but it is necessary to make determina- 
tions before and at various periods after the work. A rapid return of 


the pulse to its original frequency during rest appears to be the best 
indication of good accommodation and training: in well-trained men 


the return is so rapid that observations must be taken in successive 
periods of fifteen seconds, if true indications of the influence of exercise 
are to be obtained. 

The pulse during rest. There are, as is known, 3 eee 
in the pulse of different healthy individuals and even in the same 
subject at different times. The frequency. of the pulse is influenced by 
a variety of factors and affords no certain indication of the general 


physical condition. A slow rate, however, appears to be much more 
frequently found in men who are accustomed to, or well trained for, 
severe muscular work. The range of the pulse-rate in different healthy 

young men at rest is from 45 to 90, and there is no evidence that even 
this extensive range is a rigid one. At Cambridge Dr Michell@ bas 


examined a large number of undergraduates, including 1200 rowing 
men, 410 football players, and a few running men; ; he found for the 
average rates of the pulse the following values: in the first year of 
residence, 69; second year, 645; and third year, 56-8. The rate in 


some men was as low as 46. At Oxford Miss Buchanan® found the 
rate of the pulse to vary between 8 


graduates, chiefly athletic men. 
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We have made 62 observations upon the pulse of 35 medical 
students daring rest; the maximum rate was 90, the minimum 47 and 
the average 69; in seven the rate was 60 or under and these men were 
of a good type of physique. The man with the slowest rate was eves 
but stronger and more athletic than the average. 
The pulse after exercise. The 
depends upon several factors, the fitness of the subject, the nature of 
the work and the external conditions under which it is performed. The 
well-trained : man may increase, the rate of his pulse two or three times 
by running, for his pulse at rest is often very slow; he has a wide range 
and his pulse quickly returns to its value at rest when the exercise is 
finished. The form and rate of exercise are most important factors; 
running up and down stairs for about half a minute will produce a rise 
of about 100 p. in the rate of the pulse, whereas a long walk may not 
raise it more thau 40.p.c, In those forms of exercise, which involve the 
fixation of the chest and 
effect upon; the pulse appears very rapidly um. 

In one series of experiments 48 observations were meds ane 
15 men immediately after they had run distances varying from mile 
to 10 miles, The maximum rate of the pulse was 167 after a run of 
4 mile, the minimum 106 after a run of similar tte but at a slower 


speed and the mean was 134, 


In conjunction with E. G. Schlesinger and A. H. Todd eight 


observations were made upon different men immediately after the 


completion of a 24 hours’ walking race.. The maximum rate of pulse 


was 160 per min. in a competitor who had covered 76 miles, the 
minimum 52 in the competitor who finished 126 miles and the mean 
was 95. Other observations were made during the progress of the race 


at different times and on different competitors; the maximum rate in 


eight observations was 128, the minimum 88 and the mean 113. 


It is necessary to lay stress upon the importance of observing the 
pulse directly after the exercise, for the rate begins to fall immediately 
and at first rapidly in the trained man. This is shown by the nne 
examples, p. 440. ne 

The rate. of the: this way 


recognised by medical men. It is not easy to make good observations 
upon oneself during running, for the vibration and movement interfere. 
These factors are operative even when one examines the pulse of a 
subject at rest under conditions in which there is much vibration, for | 
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Rate of pulse directly after exercise” 
| ‘Ca from Counted in the, 
D. 8. Running up and down 60 110 94 3838 10 18 
AB. jmilerm.. .. 116 44 86 80 28 
H. H. 76 100 185 40 85 Sl 29 
4. B. D. Banningupanddown 72 100 1153 40 82 2 220 
R. D. F. dmilerun ... 80 180 166 45 41 40 89 
LB. jmileron .. ... 60 152 125 88 81 80 26 
p. J. Running up und doun „ 106 85 2 28 20 


stairs tor 1 min. | 
example upon a stationary 3 or in a 3 in which 
there is machinery in motion. 

The return of the pulse to its rate during rest is of n 
importance. In the well-trained man there is a rapid recovery and 
@ tendency for the rate of the pulse to fall below its original value 
during rest; in the untrained man the rate remains high and often 
irregular for some time.” ‘The curves — fate 


T=trained man; U- untrained man 

directly after running up and down stairs. TT trained man after running 10 laps; : 
_ UUsuntrained man after running 8 laps ( mile). The rates of the pulse of the our 
f ‘men at rest are shown around 20 ( minute observations). 


. Irregularity of the pulse after exercise has been observed frequently. : 
Apart fom the rapid decrease in the rate we have noticed in some 
sud “well-trained: men: that: beste-eppemr ‘be ‘dropped; in 
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arm to his side. 


pressure may occur. Precautions were taken to exclude these sources 
_ sitting down was 118 mm., the maximum 132 and the minimum 87. 


In another series of seven observations upon four men the average was 


tions were made upon 10 trained men who had entered for the 24 hours’ 


relation to “second wind,” the chief form of exercise has been running. 
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sabia men the irregularity shows itself in the rate and volume of 
the pulse. We have attempted to obtain graphic records in such cases, 
but have found that the sphygmograph i is unsatisfactory. The changes 
occur 80 rapidly that a simple method is needed. 

The blood-pressure during rest. A few observations have been made 
upon the blood-pressure before and after exercise of various kinds, 
The values given below are for the maximum systolic pressure determined 
by means of Martin's modification of the Riva Rocci sphygmometer 
applied to the arm of the — when sitting down and keeping the 


Various physiological N other than exercise exert a con- 
siderable influence on the blood-pressure; in perfectly healthy men a 
definite mental effect may be produced the first time the instrument 
is applied; there may be excitement and a rise of pressure to 200 mm. 
of mercury or on the other hand a feeling of faintness and a fall of 


of error. The average of 16 observations upon eight men at rest and 


117 mm., the maximum 126 and the minimum 98. : 
In conjunction with E. G. Schlesinger and A. H. Todd 10 observa- 


walking race at the Stadium. The. determinations were made just 
before the beginning of the race and gave an average of 149 mm., a 
maximum of 170 and a minimum of 112. The age of the men was 
higher than that of the medical students and it is probable also that 
excitement and cold were two other factors responsible for the high 
readings: most of the men were stripped for the race when they were 
examined and apart from the excitement of the coming contest the 
n of examination was novel to them. 

The blood-pressure after exercise. In all observations upon healthy 
men we have found that the blood-pressure is raised by exercise. The 
rise depends upon not only the severity of the work but also the type 
of work, whether there is or is not a tendency to fixation of the chest. 
Since our object has been the investigation of the blood-pressure in 


The rise appears to be greatest after short periods of running, for a 
gradual fall accompanies a continuation ofthe work; this fall is due, at 
any rate in part, to the dilatation of the cutaneous blood vessels which 
occurs when the runner becomes = ; 
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pit , Directly after exercise the mile) Wa 
140 more. 
10 „% More 
1564 . After running up and 
down, stairs. 


per to the normal,; in untrained men, and in trained men after 
long periods of exercise, it falls below its usual value at rest. Thus the 


Numerous observations upon the influence of exercise upon the 
temperature have been published already and it is unnecessary to give 
further detailed experiments here. The later results confirm the former 
ones. Muscular exercise increases the temperature of the body, when 
the determination is made in the rectum or in the stream of urine. 
The temperature of the mouth may show either a rise, or a fall; or no 
change; the values obtained in the mouth are not reliable as an 
indication of the deep temperature of the body. The boundaries of the 


body is clad lightly and there is no obstacle to the free evaporation of 
sweat. On the other, hand ‘discomfort accompanies a considerable rise 


unsuitable clothing or muscular work in a warm moist atmosphere. 


in -perfect health: it has a bbneficial effect upon the performance of 
musqular work; men and horses work more ‘efficiently; when they are 

“warmed to their work.“ Time has been required for the recognition 
of this physiological rise of temperature owing to the fact that the 


average of 12 observations taken on different subjects. at intervals 


mouth are thin and easily cooled by the air and by evaporation of 
sweat. The temperature in the rectum may rise to 102 F. (39° ) in 
perfeetly healthy men without producing distress or discomfort, if tbe 
in the deep and surface temperature, when this occurs ds the result of 


The rise of internal temperature is found’ in men well trained 
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1 of observing the temperature in the mouth has been and is 
Still so widespread. There are several explanations for this beneficial 
effect of a rise of internal temperature; the excitability of the respiratory | 
and cardiac centres is “increased and blood are gen 
more readily to the tissues. eh 


4. Phenomena ef Second Wind.’ 


Vigorous: muscular exercise, such as running, produsgs n 
aſter about a quarter of a mile has been Accomplished ; but, if the pace 
be maintained in spite of the panting respiration, the discomfort sodn 
disappears, sometimes gradually, sometimes abruptly ; ; the runner * 

“got his second wind” and can continue running with com 
comfort. The causes of this accommodation, so well known to ath] 
need investigation, It is recognised that time is an important ctor, 
for runners over short distances do not experience a “second wind.” 
It is not dus to training, for in the untrained the phenomena are often 
more marked than in the trained. Any ‘muscular exercise which is 
vigorous and continuous, such as running or rowing, will produce the 
conditions. There are great personal differences ; J in some men the 
advent of “second wind is so pronounced that it is recognised readily 
and in runs at similar speeds over the same course it can be pretlicted i 
at which lap “second wind” will occur. In other men the transition 
from difficult breathing to hyperpnesa appears to be so gradual 2a * 
is impossible to ascertain the moment at which it.occurs. -. 

Although the causes of the phenometia are complex, there 3 
to be little doubt that the respiratory and circulatory factois are 
definite. The first have been examined by a comparison of samples of 
the alveolar air taken before and after second wind, that is in the 
conditions of dyspnoea and hyperpnoea respectively; determinations of 
the amount of air breathed and the rate of respiration have! been 
made under similar conditions. The following table gives ithese 
‘results, 

An examination of the table shows. that during * the 
percentage of carbon dioxide in the alveolar air is raised in every case 
above the resting value and the-respiratory quotient is unity. or above 
unity, During hyperpniaa following “second wind the percentage of 
carbon dioxide, in every case is less than during dyspnoea and the 
respiratory quotient falls. The amount of air breathed per minute is 
in every case less during hyperpnœa than during 1 an ne is 
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depend not only upon the ventilation of the lungs, but also upon the 
circulation of the blood and other factors such as the temperature and 
the alkalinity of the blood. All of these appear to be operative in the 
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444 . COOK AND M A PEMBREY. 
Subject vols. pc. pre. — per tain Condition 
B. 786 1:10 585 
577 «18-68 14 19 29 18 laps. 8. W. 
5-86 18°04 10 85 18 Rast. 
B. 787 18°48 1-06 25 24 F ape. D. 
5°81 1496 96 
* = % aps. W. 
5. 843 „5 
7°89 88 — — 27 laps. 8. W. 
{ 7°02 18°19 94 — — aps. g. W. 
18°65 94 — — 8. W. 
B. 6-02 14-68 95 — Rest. 
— 64laps. 8. W. 
14°25 — Before 
litres of oxygen in 5 mins. 
1 Be 15°81 
D. 6-78 14°98 
25 6°51 14°77 
7-76 18-28 1-08 
P. 5°55 10 
1 15°89 — laps. 8. W. 
P. — — — 
2 34 84 7 laps. D. 
, 527. 14°32 78 — 8 
R. { 786 1:07 — D. 
14 — laps. 8. W. 
1 82 laps to the mile. D. =dyspnea. 5 8. W.=“‘second wind” 
The absorption of oxygen and the discharge of carbon dioxide 
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composition: means of 42 rn upon 10 men 6°52 vols. p.c. 


EFFECTS OF EXEROISE. 


production of “second wind” and some attempts have been made to 
investigate them. No constant change in the frequency of the pulse 


was observed in over 20 experiments upon seven men, but it has 


been found frequently that the pulse is irregular during dyspnoa and 
becomes more or quite regular after “second wind.” Nor was any 


constant difference found in the blood-pressure during dyspnoa and 


hyperpnœa. There appeared, however, to be one characteristic feature ; 


the variations of the blood-pressure were greater before than after 
“second wind”; these were associated with irregularities in the volume 


of the pulse and may have been due to the panting present during 
dyspnea. The internal temperature taken in the rectum showed a rise 


of about 1° F. during “second wind.” Sweating was well established 


by that time and the surface temperature of the hand fell about 5° C. 


Further observations upon these points are necessary, for it would 


appear that the cooling of the skin is of value not only in itself but also 
for the maintenance of a high blood-pressure by the contraction of the 


cutaneous blood vessels. In some cases during dyspnea the colour of 


the skin and the absence of sweating indicated that the fall in the 
temperature of the skin was due to a contraction of the blood vessels. 
As a rule there was a close association between sweating and “second 
wind” and some of the subjects of the experiments were of the opinion 
that dyspnca would give place to the hyperpnœa of “second wind” 
when they began to sweat. 

A few experiments made upon the effects of breathing air containing 
an excess of carbon dioxide showed that that gas is one of the factors 


which increase the heart beat and cause the outbreak of sweat. On 


the other hand breathing oxygen for five minutes before running did 
not alter the characteristic changes produced in the alveolar air by 
dyspnea. Carbon dioxide then is the chief factor in effecting the 
wind,” 

5. SUMMARY. 


During rest the alveolar air of healthy 1 men had the following 
composition: means of 50 observations upon 10 men 5:57 vols. p.c, 

carbon dioxide and 1489 oxygen, maxima 6°11 and 15 59, minima 487 
and 13˙91 respectively. The respiratory quotient varied from 1°03 to 0°75 


3 with a mean of 0°90. 


Directly after muscular exercise the alveolar air had the following 
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and 12°80 respectively. The respiratory quotient varied from 1°87 to 0°81 
with a mean of 1°00. 

During muscular dyspnea the respiratory quotient affords no definite 
indication of the metabolism, for the vigorous ventilation of the lungs 
washes out carbon dioxide. 

The administration of oxygen is of value only when the conditions 
are pathological. Under ordinary conditions of work the amount of 
oxygen in the alveolar air is less affected than that of carbon dioxide. 


from 45 to 90 per minute. 
real, wider 


exercise, 
Directly after exercise the pulse rate of a healthy man may be as 
high as 180 per minute. 


and circulatory systems to the demands of the muscles for an adequate 
supply of blood. Carbon dioxide is the chief factor in effecting the 
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ON THE SECRETION OF PANCREATIC juice. 
By IWAWO MATSUO, MD. 


Cen the Third Medical Olinic of the University of Kyoto. 
Director : Prof, R. Kaya, M. D. 


Ix the 4 pages an attempt is made to settle some of the 
disputed points relating to the mechanism of pancreatic secretion. 
_ The experiments herein described were all made on dogs anmsthetised 
by a hypodermic injection of morphia followed by 4. 0. K mixture. 


The influence of the fluid medium on tie 
q preparation of secretin, | 
1 In the preparation of secretin it is generally assumed that the acid 5 
of the fluid used is an important factor for the production of an active 
extract. Bayliss and Starlinga) used for this purpose hydrochloric, 
5 sulphuric, lactic and acetic acids, and Camus added to this list, 
nitric, phosphoric, and citric acids. According to these authors carbonic 
15 and ‘boric acids are not effective, a statement which is denied by 
. Pleigw. On the other hand, Fleigw obtained sapocrinin by 
{  tnacerating the mucous membrane with soap, and ethylocrinin by. 
1 treatment with alcohol, but both these substances are identical in their 
. action with secretin (Cp. Stepp). I have succeeded in making 
active extracts by means of lactic, butyric, citric, oxalic, and succinic 
5 acids. I have also used glucose, maltose, and even solutions of sodium 
4 hydrate. These extracts are much less active than those obtained by 
. the use of hydrochloric acid. On employing however 6 pio. NaCl 
1 solution, I found that I could obtain a solution of secretin which was 
N as potent as that prepared by the use of acid. I may quote the 
1 experiment as an example. 

Exp. I. Small dog, ak 
jejunum were cut out and divided longitudinally into three parts. These three parts 
were treated respectively with -4 p.c. HCI, 6 p.c. NaCl, and -4'p.c. NaOH, as in the 
original method of Bayliss and Starling. After boiling for a short time, the solutions 
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were brought to slightly acid renction and filtered. The fared extracts were injected 
into the jugular vein. 


Time of injection 
Extract injected. 
10 0.6. HCl extr. 50 in 164 mins. 
10 0.0. NaOl extr. 55 in 18 mins. 
61 10¢,c. NaOH extr. 20 in 7 mins. 26 secs. 
59 10 0. 0. NaOH extr. 20 in 7 mins. 
88 10 0. 6. NaCl extr. 54 in 18 mins. 


1 to Bayliss and Starling the secretin is formed from its 


mother substance apparently by a process of hydrolysis, the mineral 
aeids being more powerful than the organic acids, although even boiling 
water has some action in this respect. They found that saline and 


alkaline solutions in contradistinction to hydrochloric acid could not 
form secretin without boiling. Our experiments show that when their 
extraction method, namely, that of boiling, is followed, acid is not more 


effective than sodium chloride in the formation of secretin: in other 


words, that in this case acids have not a specific action. 


II. ‘The effect of different fluids introduced into the duodenum, 

In 1896 Popielski@ showed that the injection of HCl solution 
into the duodenum causes a definite secretion of pancreatic juice, a fact 
which was confirmed later by Wertheimer and Lepage and many 


others. I have investigated the influence of the injection into the 


duodenum of 4 p.c. HCl, 2 pc. lactic acid, hydrochloric acid combined 
with protein (ve. 6 p.c. peptone in 4 p.c. HCI solution), and obtained a 
profuse secretion with hydrochloric acid and a much weaker one with 


lactic acid and the protein combined with HCl. On the other hand, 


‘6 p.c. NaCl solution, bile, maltose, and glucose solutions had no effect. 
We thus see that the physiological action of substances introduced into 


the duodenum do not necessarily correspond to their action when boiled 


with duodenal mucous membrane. 


According to Bayliss and Starling it is not possible to obtain a 
body resembling secretin from any tissues other than the mucous. 
membrane of the duodenum and jejunum. Popielskio and his 
pupils on the contrary, assert that the same substance as secretin is 
contained in the mucous membrane of the ileum, stomach, and rectum. 
According to him, secretin is identical with the substance which he 
3 which occurs in these tissues and also i in the brain, 
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pancreas, arterial blood, thyroid gland, and suprarenal capsule. The 
primary action of vaso-dilatin is a marked fall of blood-pressure, 
which, according to Popielski, is the direct cause of the activity of the 
pancreas. To test these statements I have made extracts with 4 pic. 
HCl solution of the mucous membrane of the duodenum and jejunum, 
ileum, esophagus and stomach, of the brain, spleen, carotid blood, liver, 
pancreas, heart muscle, kidney, and lungs. In each case 25 grms. of 
the tissue were employed, and were boiled with the acid, neutralised 
and filtered, as in the preparation of secretin. I obtained a slight action 
on the pancreas with the extracts of the mucous membrane of the ileum 
and of the brain, the former giving 7 to 16 drops, the latter 5 to 
14 drops, as against 83 to 105 obtained after the injection of an extract 
of duodenum and jejunum. The other extracts, as well as 10 cc. of 
2 p.c. Witte’s peptone, have practically no effect. It is possible that — 
larger quantities of these extracts could have produced a minimal 
secretion, but it is evident that, taken as a whole, the results of my 


experiments do not afford any confirmation of Popielski’s statements. 


IV. On the mode in which acid in the duodenum: causes secretion. 
Bayliss and Starling attribute the secretion caused by the presence 
of acids in the duodenum to a purely chemical stimulation, since they 
found it to occur unaltered on the introduction of acid into a loop of 
intestine which has been entirely denervated. It has been objected to 


this form of experiment that it is difficult to be certain of cutting all 
the nerves accompanying the blood vessels, and Wertheimer and 


Lepagedo, and Fleig@, while allowing that the secretion is in part 
brought about by chemical means, consider that it is also in part 
produced by nervous impulses. The evidence they bring forward for 


the latter view is however unsatisfactory. Direct evidence of the 


chemical theory was afforded by the fact that if in one dog the pancreas 
was caused to secrete by injecting the acid into the jejunum, the 


venous blood from the jejunum when injected into another dog caused 


secretion, A similar result was obtained by Enriquez and Halliona» 
from the carotid blood. Popielskia» however states that the secretion 
so produced is not more than that obtained on injection of the blood of 
a dog in which the pancreas is not secreting. I have endeavoured to 


decide the question by effecting a eT connection of two dogs 10 
means of their blood vessels’. 


1 Aocording to Hédon, a similar experiment was — by Fleig (are 
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At first I endeavoured to connect the portal veins of two dogs or the 
portal vein of one dog to the jugular vein of the other, and vice versd. 
But in each case the experiment failed, either from the animal dying 
or on account of coagulation occurring in the glass tubes used to connect 
the vessels. Finally I succeeded in the following way. Two dogs, 
A and B, were placed together head to head, the central end of the 
carotid of A being connected with the central end of the jugular vein 
of B, and the carotid of B, with the jugular vein of A, by means of 
short glass tubes. The peripheral ends of the carotid arteries and of 
the jugular veins were ligatured. The common circulation was allowed 
to proceed for ten minutes, cannule being in both pancreatic ducts, but 
no secretion was observed from either dog. 30 cc. of 4 p.c. HCl were 
then injected into the duodenum of dog A. In five minutes the 


secretion of pancreatic juice began in dog A, and one to three minutes 


later the pancreas of dog B also began to secrete. The secretion 
continued in both animals between 15 and 20 minutes. The experi- 
ment does not always succeed, since it may happen that the blood- 
pressure of one dog is considerably higher than that of the other. In 
such a case one dog becomes anwmic and the other plethoric, and a clot 
very often forms in the glass tube connecting the carotid of the anemic 
animal with the jugular vein of the plethoric one. Care must therefore 
be taken to regulate the circulation, ag. by pressing a little on the 
carotid if the blood-flow is too strong. I obtained fairly satisfactory 
results in four out of eight e I may quote one of eee as 
an example. 

Exp. 2. Dogs 4 and B of medium size and in good state of nutrition. Both female. 
The last food had been given 18 hours before the experiment. 

11 a.m. Insertion of cannulw into the pancreatic ducts, Pylorus tied. Vente 
connection established between carotid and jugular veins of the two dogs. 

12.82 p.m, 20 0. 0. of 4 p.c. HCl injected into the duodenum of dog 4. From dog 4 
49 drops of pancreatic juice obtained; no secretion from dog B. A clot was found in the 
glass tube connecting the carotid of A with the jugular vein of B. New glass tubes were 
inserted. The cross circulation was begun again at 1.16 p.m. No secretion of pancreatic: 
juice from either dog. 

1.56 p.m, 20 0.0. of 4 p. o. HIOl injeoted into the duodenum of dog B. 

in drops in successive minutes beginning 1.59 p. m. were 

Dog 48, 6, 7, 7, 7, 8, 4, 4, 2, 1, 1, 1, 1, 0, 180. 

Dos B—10, 18, 18, 11, 10, 7, 6, 4, 8, 2, 2, 1, 1, 1, 084. 


In these experiments I always ascertained that the mere mixture of 


the blood of two dogs did not cause the secretion of pancreatic juice. ; 


At the same time I tested the sera and blood corpuscles of both dogs 
for the possible — of * but in every case obtained 
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negative results. The objection of Popielski to the results of 
Enriques and Hallion cannot therefore apply to my experiments. 
It is therefore beyond doubt that the secretion of pancreatic 
juice iscaused under physiological conditions by some chemical 
substance which is liberated by the injection of acid into the 
duodenum or jejunum, enters into the general circulation, and 
stimulates the cells of the pancreas. 

Since in Section III I have shown that the secretin of Bayliss and 
Starling is contained in appreciable amount only in the mucous 
membrane of the duodenum and jejunum, it is reasonable to identify 
the above-mentioned substance with secretin. — 

These ‘experiments do not show whether the nervous system has 
any relation to the secretion of the pancreas, but it is, I think, clear 
that the secretin theory alone is sufficient for the risedronate 
the physiological process. 


65 

the general oiroulation. 

: Baylies and Starling have suggested that the contact of acid with 
the epithelial cells of the duodenum causes in them the production of 
secretin, which is absorbed from the cells by the blood stream. 
Wertheimerao found that when dilute hydrochloric acid was injected 
into the duodenum and after a time removed and reinjected into 
the circulation, abundant secretion of pancreatic juice took place. 
Popielskiaa, on the other hand, asserts that when the duodenum is 
washed free of its contents before the introduction of the acid, although 
a secretion of pancreatic juice is caused by the presence of the acid in 
the duodenum, the acid on removal from the duodenum and injected 
intravenously produces no effect. I therefore repeated Wertheimer's 
experiments, taking the precaution to wash out the duodenal loop 
thoroughly. The pylorus, bile duct, and second pancreatic duct having 
been ligatured I then tied the intestine just below the duodeno-jejunal 
flexure. A wide glass tube was then inserted above the lower ligature 
into the lumen of the duodenum and connected with a piece of rubber 
tubing. The duodenum was then filled with 30c.c. of ‘85 p.c. saline 
solution, which was removed again through the glass tube after five 
minutes. This process was repeated twice. 30 cc. of 4 pc, HCl 
were then introduced. Five minutes later, while the secretion of the 
pancreas was going on, the duodenal contents were removed and the 
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last fluids removed from the duodenum were mixed, half the liquid 
being directly neutralised (A), while the other half was boiled and then 
neutralised (B). The liquid obtained from the first washing of the 
duodenum was also collected, half of it being mixed with 5 cc. of 4 p.c. 
HCl, boiled and neutralised (O), while the other half was mixed with 
5cc. of 4 pe. HCl, left a little time in the room, and then neutralised 
(D). Although the acid solution had been removed from the duodenum, | 
the secretion of pancreatic juice continued about 15 minutes, the 
quantity of secretion varying in different animals, though it might 
amount to as much as 50 drops. After the secretion had ceased, the 
fluids A, B, C, D were injected into the jugular vein of the same dog 
at adequate intervals. C and D caused no secretion, while A and B 
caused an abundant secretion. I found that the fluids caused no 
hemolysis on the blood corpuscles of the dog. The fluids C, D, A, B 
were all colourless. They gave biuret reactions corresponding to 02 p. c., 
‘15 pc. 1 p.c., and 15 p.c, of Witte’s peptone respectively. i 

These experiments I repeated six times with constant results, In 
one experiment, A, B, C, and D were injected into the jugular vein of 
another normal dog, but with the same effect. In auother case 211 
drops of juice were obtained in 24 minutes by injection of 10 c.c. of B. 
In another experiment I made the liquid B from an isolated part of the 
upper part of the jejunum, the end of the jejunum, and the middle part 
of the ileum, each loop being about 25 cms. long. Injection of the first 


provoked the secretion of 109 drops, of the second 21 drops, of the third 


4 drops. In another case B was prepared by the injection of 4 p.c. lactic 
acid into the lumen of the duodenum, and the effect of the fluid so 
obtained was compared with a similar fluid obtained by the injection of 
dilute hydrochloric acid. The fluid prepared with hydrochloric acid 
caused the secretion of 93 drops, that with lactic acid, 19 drops. 
My results thus agree with those of Wertheimer. Since the 
pylorus, bile duct, and second pancreatic duct were ligatured, and the 
duodenum or jejunum thoroughly washed with saline fluid, only the 
wall of the intestine can have been concerned in the production of the 
secretin, and we are justified in concluding that the secretin is secreted 
into the lumen of the intestine by the cells of the mucous membrane 
under the influence of acid. Saline fluid is entirely powerless in this 
respect. Even when the saline washings of the duodenum were acidified 
and boiled, no secretin was obtained. 
It might be urged that the cells of the mucous membrane of the 
duodenum had been damaged by the manipulation and that the secretin 
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was set free by the acid from the damaged cells. It is true that the 
fluid removed from the duodenum generally contains slight flocks which 
may consist partly of cells, but since the saline washings of the 
duodenum contain these also in suspension and yet yield no secretion 
on boiling with hydrochloric acid, it is impossible to ascribe the presence 
of. secretin in the acid fluid removed from the duodenum to this cause. 
After.the observations had been made, I always examined the mucous 


membrane of the duodenum before the death of the animal but found 


no change. Moreover one would not expect the mucous membrane to 
be damaged by 4 p.c. HCl since the presence of acid of this strength 
in the duodenum is a normal event. The acid was only left for five 
minutes in contact with the mucous membrane, and the same results 
were obtained when 3 p.c. acid were used instead of 4 p.c. | 
It is difficult to say why secretin is secreted into the lumen of the 
intestine, Wertheimer was of the opinion that the secretin was 
reabsorbed again into the blood current, and I was at first of the same 
: opinion. To justify this it would be necessary to prove that the secretin 


in the lumen of the intestine can be reabsorbed. Bayliss and Starling 


have already pointed out that secretin if neutral, introduced into the 
stomach or duodenum, provoked no secretion of pancreatic juice. 
I confirmed this fact.. Neither the secretin prepared by the method of 
Bayliss and Starling, nor the secretin obtained from the lumen of 


the intestine, when introduced into the gut, is able to provoke pancreatic 


secretion. | 

To account for this absence of secretion three explanations are 
Possible: either (1) the secretin is not absorbed at all; or (2) the 
secretin is destroyed in the lumen of the intestine; or (8) it is reab- 
_ sorbed, but in such a manner that the secretion cannot be provoked. 


If the first explanation is correct, secretin must retain its efficacy for 


some time after its introduction into the lumen of the duodenum. 

30 0e. of neutralised secretin were introduced into the duodenum of 
a dog and removed again after five minutes, 20 c.c. being obtained. 
_ After filtration 10 Cc. of the fluid were injected into the jugular vein of 


the same dog and 10 c.c. into the vein of another dog. No secretion of 


pancreatic juice was obtained. This experiment was repeated several 
times but always with the same result. We must conclude therefore 
that the secretin must be either destroyed or reabsorbed in an inactive 
form. 

It is of course impossible to test the e e e 
with an acid reaction into the duodenum, since the acid by itself would 
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provoke a flow of pancreatic juice; though if the acid reaction is very 
slight, eg. equivalent to 05 pic. of HCl, the fluid may be introduced 
into the duodenum without result. In other experiments however I 
introduced large quantities of secretin strongly acidified with HCl 
(pe) into an isolated loop of the ileum. No secretion was obtained. 
After 15 minutes the remainder of the fluid was taken out and the loop 
washed out with saline fluid. The fluid and washings were mixed, 
neutralised, and injected into the jugular vein of the dog, but no 
secretion was obtained, although the solution which had been used for 
introduction into the ileum was very effective, 4 cc. of it before 
introduction sufficing, when injected into the jugular vein, to evoke a 
copious secretion of pancreatic juice. In these experiments it is clearly 
shown that secretin, even when strongly acid and in considerable quan- 
tities, can neither be reabsorbed in an effective form nor does it remain 

in the lumen of the intestine. It simply disappears. Since an acid 
reaction favours the conservation of secretin, it seems hardly probable that 

it has undergone actual destruction in the lumen of the intestine. 

__. _Hypodermic injection of active solutions of secretin in large quan- 
tities (up to 40 cc. provokes the secretion of at most three to five eh 


of pancreatic juice. In many cases no effect is produced. 


My experiments therefore do not confirm Wertheimer’s hypothesis. 
On the other hand, if we adopt the view of Bayliss and Starling, no 
difficulty is presented by my experiments, since according to their vie, 
secretin formed in the cells enters directly into the blood stream. It 
is difficult however to understand why so large a quantity of secretin 
should be secreted into the lumen of ngs intestine 2 5 — 


any value for the organism. 


VL 


the lumen of the intestine. 


On injeoting ‘4 p.c. HCl into the duodenum, a éopious secretion of | 
pancreatic juice is aroused and continues a considerable time. If the 
injection be repeated a second time, less juice is obtained, and on the 
fourth injection as a rule no secretion at all is produced. This fact has 
been noted by several authors. On the other hand, if the dilute acid 
be injected into the duodenum and removed again after five minutes, 
neutralised and filtered, an abundant secretion is caused by injecting it 
in small doses into the jugular vein, and this process can be repeated 
at least three times without any diminution in the activity of the fluid 
as judged by the pancreatic secretion. In this case far less acid 
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accumulates in the animal, while the mucous membrane of the 
duodenum and upper part of the jejanum come only a short time in 
contact with an acid of relatively high concentration. Possibly either 
or both of these factors may be responsible for the difference in the 
results obtained. Since this method of obtaining an active secretin is 
more simple and harmless than the method of Bayliss and Starling, 
and may be repeated as often as necessary, I am accustomed now to use 
4 it whenever I desire to obtain pancreatic juice. For this purpose the 
: ligation of the bile duct, pylorus, and second pancreatic duct is not 
necessary. 


| 


Fig. 1 A’. Effect of injection of 10 ¢,c. of secretin A into jugular vein. Upper curve= 
| blood-pressure. Lower line=drops of pancreatic juice. Blood - pressure 
nero = level of drop-marker. Injection at I. 
A". Effect of injection of 2 0. 6. and 1 0.6. of secretin 4 into jugular vein. 
Explanation as above. Bottom line=time marking in 30”. 3 


Bayliss and Starling found that the secretin obtained by their 
method gave a marked lowering of blood-pressure, which was less if the 
mucous membrane had been extracted with alcohol or if the secretin 

: had been prepared from desquamated epithelial cells of the intestine. 

: I have compared the action on the blood-pressure of the secretin 

obtained from the lumen of the duodenum (5) with secretin prepared 

in the ordinary way (A) and with that of vaso-dilatin (C. As may be 

. deen from Fig. 1, secretin A causes a sudden depression of blood- 
. pressure and an abundant secretion of pancreatic juice. 

In Fig. 2, on the other hand, is shown the effect of injection B, 

which causes only a slight depression of blood-pressure, but a ‘very 

strong action on the secretion. Secretin A in doses of 5c.c. and'2ec. 
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caused a marked depression of 1 and whereas even 1 c.c. 4 
of secretin A caused more depression than 10 c. e. of secretin 6. 10. of 1 
A only evoked a few drops of secretion. 3 


Fig. 2. Effect of injection of 10 0.0. of secretin B into jugular vein. 
Explanation as for Fig. 1. 


te 8. Effect of injection of 10 c.c. of ileum extract into jugular vein. pere 
odurve- blood pressures. Upper line= blood-pressure zero. Lower line - drops of 
pancreatic juice. Injection at X. 


Explanation as for Fig. 8. 

On the other ‘hand, vaso-dilatin, ie. an extract: of. the. mucous 
„ of the ileum, gave a marked depression of —— od 
and only. Gig. 
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A similar effect was obtained by the meant of brain extract into 

the jugular vein. (Fig. 4.) ; | 

I have not found it possible to obtain a secretin betten which had | 
no influence on the blood-pressure, even when its injection was very slowly 
carried out. Possibly this depression is due to the mixture of some 
other substance with the secretin. It is certainly independent of the 
specific action of the secretin on the pancreas, We have seen that the 
secretin obtained by the method of Wertheimer and myself gives 
a slight biuret reaction and it is possible that the peptone present is 
for the fall of blood- At rate the 


ig 5. Effect of injection of “4 p.c. HOI into duodenum. 
i Explanation as for Fig. 1 4’. 
injection of acid into the duodenum, which as we have seen n 
causes a discharge of secretin into we blood, 1 is not attended * any fall 
I. When secretin is prepared by the ordinary method of 8 
and Starling, ie. by boiling the mucous membrane of the duodenum 
and jejunum, 6 p.c. NaCl solution is as efficacious as the 4 pc. HCI 
ordinarily used. Organic acids or other substances give a far emaller 
yield of secretin. 
2. The secretion of juice by: the of 
Popielski, d. by the injection of acid into the duodenum, is a specific 
result of the acid and is not obtained by injection of ‘6 p.. NaCl solution. 
| 3. I could not obtain secretin from other organs of the dog. 
Although acid extracts of various ongane may give fow dope of 
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secretion. when injected into the blood . not 
comparable with that of secretin. | 

4 If two dogs be placed in vascular connection with one ——95 
the injection of acid into the duodenum of one dog evokes the secretion 


of pancreatic juice in the other. It is therefore established beyond 
doubt that the injection of acid into the duodenum causes the production | 
of a chemical substante which enters the blood stream and is carried d 


thereby to the pancreas where it excites secretion. 


5. In confirmation of Wertheimer I find that dilute HCl 


duced into the duodenum and removed after five minutes, when 


neutralised, filtered, and injected intravenously, excites pancreatic secre- 
tion. Secretin is therefore secreted into the lumen of the duodenum = 


and the jejunum, though the meaning of this secretion is quite obscure. 


Buy this method a large quantity of pancreatic juice may be obtained in 


a simple manner, and this process may be repeated several times 
without diminishing the effect. 
6. Secretin cannot be reabsorbed from the lumen of the intestine 


sc as to provoke pancreatic secretion. Secretin administered hypoder- 


mically, even in large quantities, is practically without effect. 


7. A study of the blood-pressure shows a great difference between 


the action of secretin and of “vaso-dilatin.” The former gives an 
abundant secretion with very little lowering of blood-pressure, which 


must be ascribed to the admixture of other substances. Vaso-dilatin 
causes a marked depression of blood-pressure but only a scanty pro- 


duction of pancreatic juice, 


8. My results in general confirm the views expressed by Bayliss a 
and Starling and give no support to 1 in his identification * 


secretin with “ vaso-dilatin.“ 
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ON DEPRESSOR NERVE FIBRES IN THE VAGUS vr 
~ “THE FROG. By P. M. NIKIFOROWSKY. 


(From the Physiological Laboratory, eo 


THE discovery of a separate nervus depressor in some. mammals and 
of depressor fibres in the trunk of the vagus in other mammals naturally 
led to an examination of the vagus and its branches in lower vertebrates 
with a view of determining whether in these also an homologous nerve 
or homologous nerve fibres exist. A branch of the vagus anatomically 
similar to the depressor has been described by Wesley Mills and 
Kronecker@ in the turtle, by Gaskell and Gadowo in the tortoise 
and crocodile and by Kazem Beck in the tortoise and pike. A 
physiological sirfiilarity has not however been established; Kazem Beck 
made experiments on the tortoise and pike and Mills on the slider 
terrapin, both with negative results. It is obviously desirable to ascertain 
whether there is in the cold-blooded animal a mechanism of vaso-motor 
control. similar to that which exists in warm-blooded animals, and at 
Prof. Langley’s suggestion I have investigated this in the frog. 
Method. My experiments were made both on Rana esculenta— 
weighing usually about 50 grms.—and Rana temporaria—weighing 
usually about 16 grms. The cerebral hemispheres were destroyed under 
ether, and curari given; the curari was usually administered in minimal 
amount so that paralysis did not occur for about an hour, if the paralysis 
occurred earlier the frog was left for some time to allow of partial 
excretion of the curari. The vagi were tied and cut on both sides near 
the heart and isolated up to their exit from the skull; usually, to avoid 
bleeding, the adjoining carotid artery and jugular vein were doubly tied 
and cut. The nerves were stimulated with Faradic currents of such 
— that they were just felt on the tip of the tongue. | 
Observation of the effect of stimulating the central end of the vagus 
was made in two ways. | 
00) Direct observation of the blood vessels. The frog was placed in 
Ringer's fluid, the abdominal viscera exposed, and the vessels of the 
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mesentery and of the walls of the intestine observed under a dissecting 


lens. First one and then the other vagus was placed on electrodes 
fixed to a stand, so that on opening a key the nerve could be stimulated 
at will and any change in the blood vessels observed. The results 
varied in different experiments, but in eight of them there was more or 


less distinct dilatation of the vessels on stimulating the vagus, and in 


some experiments small vessels previously invisible or barely visible 
became filled with blood, and the walls of the stomach and intestine 
were markedly flushed. 

(2) Manometric observations. It seemed desirable to control the 


positive results obtained by direct observation by employing the mano- 
metric method. To this end, after tying and isolating the vagi, 


I exposed the heart and tied a small glass cannula into the left arch 
of the aorta. The cannula was filled with 2 pc. sodium citrate to 
prevent clotting. Whilst inserting the cannula, the conus arteriosus 
was clamped. The cannula was connected with a narrow bore mano- 
meter filled with Ringer’s solution coloured with a little methylene 
blue. Usually the arteria cutanes magne was tied on the right side. 
In most experiments the right vagus nerve only was stimulated, partly 
because this was more convenient for technical reas}ns, and partly 
because I found that the right nerve was more effective than the left. 
A number of observers have found that the right vagus has usually 
more inhibitory fibres for the heart than the left, and it might then be 
expected that the afferent fibres would have a like distribution. The 
nerve was placed on fixed electrodes as in the previous experiment. 
The usual result of stimulating the vagus was a fall of arterial blood- 


pressure beginning some seconds after the beginning of the stimulation 


lasting throughout the stimulation, and continuing for a minute or even 


more after its cessation, the rise was then gradual and was not always 
complete. Occasionally the blood-pressure fell further on cessation of 


stimulus. 


« In any one experiment the fall of blood-pressure can be obtained 
3 times, provided sufficient interval be left between the stimula- 


tions, but in some cases it is necessary to increase the strength of the 
stimulus; in general, however, strong currents produce rapid fatigue. 
The fall of pressure obtained was usually slight only, viz. 2 to 3 mm.; 
the maximum was 6 mm. That the fall was not greater I attribute 
in part to the considerable vascular area which was shut off from the 
circulation by the ligature of the left aortic arch, the Karas carotid and 
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I give two experiments to illustrate the effects, the preliminary 
preparation and dissection being as desoribed above. 


Exp. 1. Rana esculenta. Temp. of room 10 C. Left aortic arch connected with the 
manometer. Blood-pressure rises to 144 mm. 


11.18. Stimulate central end of right vagus for about 80 seconds. The pressure falls 
to 142 mm. remaining at this level during the stimulation, a seen 
of the stimulus pressure rises to 148 mm. 

u.. Stimulate vagus. Pressure falls n 

to 141 mm. 

11.51, Stimulate vagus. Pressure falls to 139 m. N 

Exp. 2. Rana temporaria. Left aortic arch connected to manometer. Pressure rises 
132.17. Stimulate right vagus, secondary.coil at 10.5, Pressure falls to 207 mm.; 
3 after cessation of stimulus, pressure rises to 801 mm. 
132.88. Stimulate vagus, Pressure fails from 901 mm. to 94 mm. ; after cessation 
stimulus, pressure rises to 802mm. _ 
132.42. Stimulate vagus, sec. coil at 9.5. falls from 208 mm, to 297 mm, 
2 rising after the stimulation to 302 mm. 

12.55. Stimulate vagus; fall of 2 mm, only. | 

In the mammal, stimulation of the central A of the vagus 8 
R in the frog I have not observed any rise 
of blood-pressure, 
From the preceding experiments 1 pelt that the vagus in the 
frog contains depressor fibres though their development 
to be it is in the mammal. 
3 REFERENCES. 
Journ. of Physiol. v. p. 869. 1866. 

2 Gaskell and Gadow. Journ. of Physiol. v. p. 862. 1885. 
8) Kazem Beck. Arch, f. Anat. (u. Physiol.) p. 825. 1888. 

(4) Wesley Mills. Journ. of Physiol. vi. p. 276. 1885. 

) Cp. Mayer. Das H yst der Herzens, p. 60. Berlin 1660. 
Wesley Mills. 1686. Travaux du labor. de 
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THE UTILISATION OF DIFFERENT SUGARS WC 
uf NORMAL HEART. Br HUGH MACLEAN „ 


IDA SMEDLEY. 
(From the Biochemical Lister 


ee many indirect; observations supported the assumption that 
contracting muscle utilises sugar, it is only within recent years that 
direct proof of the consumption of sugar by muscle has been furnished. 
The experimental work carried out on voluntary muscle yielded on the 
whole unsatisfactory results, but an investigation into the action of the 


heart on sugars furnished conclusive proof that contracting cardiac 
muscle was capable of consuming glucose, In 1907, Locke and 


Rosenheim perfused an isolated rabbit's heart with saline solution 


to which some glucose had been added and by quantitative determination 


of the amount of sugar present before and after the experiment 


furnished a satisfactory demonstration of the utilisation of sugar by 


the heart muscle. Confirmation of these results has been furnished by 


such, observers as Rohde and Gayda and in a recent interesting 


publication, Knowlton and Starling showed that the heart of the 
dog when fed with normal blood in situ was aes of consuming 
a considerable quantity of glucose. 

In the light of these experiments there remains no further doubt 
that the contracting cardiac muscle is capable of utilising glucose, and 
all controversy with regard to this point may be taken as finally closed. 


Since however glucose is probably the only sugar which is normally 


present in blood it was of interest to determine whether this action was 
entirely specific and limited to glucose, or whether the other sugars 


which are capable of utilisation as foods in the body are also capable of 


being assimilated by the heart. 

The animals used were rabbits and dogs. In each case the heart 
was isolated and perfused with saline solution containing sugar in an 
apparatus similar to that used by Locke and Rosenheim. Locke’s 
modification of Ringer’s fluid was used for perfusion. 
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In experiments of this nature it is exceedingly important to guard 
against the introduction of bacteria, otherwise the result may be 
entirely vitiated. As a general rule, when the perfusion was limited 
to short periods no difficulty was experienced, but in many cases 
after five to six hours bacteria were found in considerable numbers. 
These results were excluded and the majority of our later experiments 
limited to four hours or less. Before each experiment the whole of the 


apparatus was sterilised in the autoclave. In several recorded dases it 


appears that the consumption of sugar per hour increased with the 


duration of the experiment. Such effects are undoubtedly the result 


of bacterial action, for similar results were observed in certain of our 


experiments but in every case where this occurred, _ bacteria capable 


of fermenting sugar were present. 

Heart of rabbit. The heart was quickly removed Non the pithed 
rabbit and washed ont with normal saline solution in order to remove 
excess of blood. A cannula was then tied into the aorta and about 
100 c.c. of the same sugar-containing solution as that used in the actual 


experiment was passed through, the solution having been previously 


oxygenated. The apparatus was washed out with a similar solution 
which was circulated through it for a few minutes. The heart was 


then put into the chamber and perfused in the manner described by _ 


Locke and Rosenheim. A sample was taken after ten to fifteen 
minutes and the sugar estimated. At the close of the experiment the 


percentage of sugar remaining in the fluid gine an e of 
‘the amount used by the heart. 
sugars were investigated. 


Heroses. (Aldoses) Glucose, 
(Ketose) Lvulose. 
Dentoss. 
Triose Dihydraxyacetone. 
The results obtained are shown in Table I. 


The sugar was. estimated by Bertrand’s method and the different, 
sugars calculated as glucose. The weight of each heart was from dix to 


ten grms. 


In four hours the quantities of glucose removed varied from 16 to 


29 mgrms. In three hours 14 mgrms. of mannose disappeared so that 


its rate of removal is somewhat similar to that of glucose. The sample 
Galactose 
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is apparently utilised to a much less extent—from three to eight mgrms. 
in four hours. In this case the quantities which disappeared were so 
small that at first we were inclined to ascribe them to traces of glucose 
present in the sample. Two methods of purification were therefore 
used, the material worked with being Kahlbaum’s pure galactose. The 
galactose was converted into its methyl-phenyl-hydrazone and the 
sugar again liberated by boiling with benzaldehyde according to 
Fischer’s directions, In the second method the galactose was 
fermented by yeast and recrystallised from alcohol several times. In 
both cases the rate of disappearance was similar. From these results it 
would appear that the cardiac muscle is capable of utilising pure 
galactose though to a much less extent than glucose or mannose. 
The sample of lavulose was Kahlbaum's pure from inulin.” Here 
no disappearance was observed even after four hours, so that apparently 


the rabbit's heart is incapable of dealing with levulose. In view of 


certain results obtained with the dog’s heart and described later, it is 
possible that a very slight effect may be produced but this is so small 
as to be within the region of experimental error. If any disappearance 
does take place it is so exceedingly minute as to be incapable of 
estimation by the method used. It was thought of interest to try 
another ketone besides lmvulose, and di-oxy-acetone was investigated. 
Here again there was no disappearance, so it would appear that the 
rabbit’s heart is incapable of dealing with keto-sugars. In the case of 
xylose and maltose no disappearance took place. 

In conducting experiments with different sugars it is of very great 
importance to have pure samples. Thus commercial galactose may 
contain glucose and the same holds good with regard to levulose. In 
the case of the latter the difficulty is avoided by using levulose prepared 
from inulin. Some of our earlier experiments yielded anomalous results 
which we ascribed to the presence of impurities. When pure samples 
were taken, as in the experiments described above consistent results 
were generally obtained. Unless the purity of the sugar used is assured 
no importance can be attached to the quantitative determination of the 
amount consumed. 

Heart of dog. Owing to the small size of the rabbit's heart, it was 
thought advisable to use the heart of a larger animal and thus magnify 
the amount of sugar which disappeared. For this purpose we used the 
dog’s heart. The method of procedure was exactly the same as that 
described above for the heart of the rabbit. The dog was killed and 
the organ isolated as quickly as possible ; it was then washed and 


perfused as before. 
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With glucose, mannose and galactose results corresponding in par 
with those described under the rabbit’s heart were obtained, the total 
quantities disappearing being of course * in proportion to the 
greater size of the heart. 

The results are shown in Table II. 

Levulose, which was unacted upon by the rabbit's heart, 1 
disappeared in the heart of the dog, but the amount varied considerably. 


This is seen in Table III. It was thought possible that this might be 


due to a mechanical retention of levulose by the heart. A priori we 
might expect some slight retention since levulose.is not normally 
present in the heart muscle and a certain amount might therefore be 
retained in accordance with the ordinary laws of diffusion. In order to 
test this the following experiment was devised. 

A dog’s heart immediately after its removal from the body was 


washed free from blood, placed in ice, and allowed to remain there 


during an hour. It was then placed in the apparatus and perfused 


with a 0°2°/, solution of levulose in the usual manner. After two hours 
only two mgrms. of levulose had disappeared. The amounts removed 


by normal hearts in the corresponding period were from 23 to 100 
mgrms. We conclude therefore that the is 
caused by a mechanical retention of the sugar. 


GENERAL REMARKS. 


From the above results it appears that the utilisation of sugar by 


the heart is not confined to glucose: other sugars are also consumed 
but apparently not to the same extent except in the case of mannose. 
Again in the dog and rabbit the results are not quite parallel. 


Levulese, which is apparently unattacked by the heart of the rabbit, is 


removed by the dog’s heart in some gases almost as well as glucose. 
After we had completed the above investigation, a paper by Neukirch 
and Rona appeared dealing with the utilisation of sugar by the heart 
of the rabbit and cat. Their results with rabbits are in general similar 
to those we have obtained: levulose and maltose were not attacked nor 
were lactose and cane sugar which they also investigated. In their 
research with galactose, this sugar seems to have been used up to 
a greater extent than was the case in our experiments: otherwise our 
results are in accordance. In the case of the cat’s heart two experi- 
ments are described lasting respectively for nine and six hours; in both 
cases during the first three hours very little disappearance of sugar was 


observed whilst f in the subsequent _— considerable disappearance 
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in the amounts of sugar took place. From this it is concluded that 
& reserve substance present in the cat’s heart is first consumed and that 
subsequently sugar is destroyed. It seems to us however that no 
definite conclusion can be drawn unless bacterial infection has been 
rigidly excluded, for the difficulty experienced in obtaining sterile 
conditions after several hours is very great (cp. Harden and MacLean@). 
In our heart experiments bacteria were often in evidence after five to 


six hours the ordinary to ensure were 
observed. 


f 
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THE BEHAVIOUR OF THE DIABETIC HEART 


TOWARDS SUGAR. Br HUGH MACLEAN anp 
IDA SMEDLEY. ee 


(From the Institute of Physiology, University College, and 
Lister Institute, London.) 
SINCE Minkowski in his classical experiments showed that the normal 
power of the organism to utilise sugar is dependent on the presence of 
the pancreas, it was of interest to determine what effect the heart of the 


depancreatised and diabetic animal would have on sugar. An answer 
to this question was furnished by Knowlton and Starling’, who 


showed in a recent publication that the heart of the depancreatised dog 


very quickly lost the power to consume sugar. As early as the second 


day after the extirpation no appreciable consumption of sugar could be 


observed. Their experiments were conducted under conditions in which 
the quantitative determination of small amounts of sugar was very 


difficult, since blood was used for perfusion and the difficulty of 


accurately estimating sugar in blood is well known. As we were 
perfusing hearts at the same time with saline solution the accurate 
estimation of sugar was comparatively simple, and, at Prof. Starling’s 


suggestion, we carried out some experiments on the hearts of diabetic 


dogs. The operations were performed by Prof. Starling and the 
subsequent manipulations were similar to those described in the 
preceding paper. | 
The results obtained are shown in the following table. The first 
experiment refers to the normal heart and furnishes a record for 
comparison. In two cases some sugar was used though the amount 
was very considerably less than that consumed by the normal heart in 
the same time. In the other four experiments there was practically no 
evidence of any disappearance, the slight change obtained being well 
within the region of experimental error, As the result of these six 


observations it would seem that in many cases the diabetic heart 
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entirely loses the power to utilise sugar, but in certain cases; while this 
power is considerably reduced, it is not entirely lost. In the latter it is 
possible that a longer period of time between the operation and the 
perfusion of the heart would result in complete inability. to remove 
sugar. A noteworthy point in these experiments was the extremely 
good condition of the heart; in every case, with the ee of — zi 
the heart beat very strongly and regularly. 185 


8 ‘bm, Im. in Um. Um fi 2 N. 
1. 80 200 02 785 625 540 4:40 60 106 159 Normal heart. 
| 5-0 
a. % 100 %/èę — — un Sinddayafter operation. 
865 {855 [86 operation. 
{85 184 11 solution 
n 
250 
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Effect of pancreatic extract on the diabetic sits In the experiments 
of Knowlton and Starling it was shown that the addition of pancreatic 
extract to the diabetic heart restored the power to consume sugar. Our 
results have not been entirely conclusive and many more experiments 
in this direction are wanted. In two cases in which 10 cc. of extract of 
dog’s pancreas prepared according to Starling’s directions were added 
to the perfusion fluid the power to utilise glucose was to a certain extent 
restored. In certain cases, cat’s pancreas was used and here we failed 
to observe any effect. With such a limited number of experiments no 
definite conclusion with regard to the action of cat's pancreas can be 
given, as it is not improbable that certain conditions, of which We are at 
present ignorant, must be present in order to obtain an active pancreatic 
extract. The general indications however are that the power to consume 
sugar is to some extent restored by the addition of pancreatic extract, 
but until we know something more of the factors governing the formation 
and extraction of the active pancreatic substance it is difficult to arrive 
at a definite conclusion. The following are our results with pancreatic 
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I. Dog was depancreatised three days before experiment. 


After one hour mgrms, were consumed; 10 b. e. of 
pancreatic extract (from dog) were then added, C 


Aer 16 thins. 20 66, solution contained 688 mgrms. glucose 


, 


75 grms. 


Exp. 2. In one hoor used sugar. 


80 b. o. extract of cat’s pancreas used; tested for 1 hour 20 mins. 


15 mins. after addition of pancreas extract 20 0. o. contained BU mere. eee 
1 hour 20 mins. afterwards 20 0. o. contained 542 


In this case no effect was produced. Weight of heart 47 grins. 


Exp. 8. Heart ard day after operation. During Ist hour's perfusion no sugar used. 
Then cat’s pancreatic extract (20 c.c.) added. Heart was beating badly and after addition 


„* 


8 of pancreatic extract soon stopped. No sugar was consumed. Weight of heart - 61 grins. 


In the following two experiments pancreatic extract was added immediately without 
testing whether the heart still retained any power to use sugar. 


Expr. 5. Heart used 2nd day after operation. 
- pancreas perfused. After 16 mins. 60 c.c. withdrawn. 


After 15 mina, 20 0.0. contained 54°95 mgrms. glucose. 
After 2 hours 20 c.c. contained 50-95 


i.e, total consumption in 2 hours=4 x 12=48 mgrms. 


6. ‘Heart 8rd day after operation. cats was ved but after 


” * 
; 


05 ‘The ‘normal to consume sugar is absent or 
de, in the heart of the depancreatised dog. 


) There is evidence that this power can sometimes be restored by 


the addition of pancreatic extract. These results i in general confirm 
those of Knowlton and 
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AFFERENT IMPRESSIONS FROM THE RESPIRATORY 
MECHANISM. By D. T. BARRY, M D., F. RC. S., DEE, 
Professor of Physiology, University Collage, 


Tux experiments here recorded were on rabbits. and Tus 


diaphragm slip method of Head was adopted for recording the chest 
movements, the slip after careful separation being attached by hook 
and thread directly to a light crank lever without the intervention of 
piston or tambour. The slip in the cat is not 80 easy to manipulate as 
in the rabbit: it is shorter and more difficult to separate. For blocking 
the trachea a light spring elip such as is used for the carotid artery in 


RB. work was employed, alone at first, but was supplemented later by 


the method with tracheal cannula and stopcock, since it was thought 
possible that the clip would affect the tracheal nerves. When the 
cannula, was in position the application of the clip had practically the 
same effect as closure of the stopcock. The tracheal tube was fixed in 

a clamp so that no ‘adventitious movement should be to 
lever. Ether was the antesthetio employec. 

To remove the stellate ganglion I proceeded to ee ‘the 121 end : 
second ribs, but did not find this method satisfactory and I adopted the 
method of dissection from the neck, leaving the ribs intact. By cutting 
the muscles in the neck, tying the external jugular and a few other veins, 
ample room is given to follow down the posterior limb of the annulus 


after separation of the sympathetic from the vagus, and to tec = 


ganglion, which is torn out by Spencer Wells forceps. 
: Blocking of ‘the trachea in rabbits under anesthesia with dates 
vagi gives changes in the breathing which are well known. Fig. 1, 


included for the sake of oomparison, represents these changes. Blocking 


under other conditions however does not seem to have attracted much 


attention. Since the classical research of Hering and Breuer the 


vagus has been recognised as an afferent path from the lungs which 
conveys to the respiratory centre two. different. kinds of impression 
or impulse—inspiratory and expiratory. Corresponding to these 


: — alternating electrical — of action—have been 
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D. T. BARRY. 
demonstrated in the nerve by the string galvanometer. That there are 


other afferent paths from the lungs to the nerve centres admits of no 
doubt; but as to the part played by these paths, if any, in the regulation 


of respiratory movements much doubt prevails. That the afferent paths 


through the cord subserve any function in ordinary respiration seems to 
have been negatived to the satisfaction of most observers by the 
apparent non-interference with respiratory movements of section of the 
cord in the lower cervical region (Marck wald. Lewandowsky). Such 


section does lead, probably always, to some modification of the rate and 


depth of breathing immediately after; but this, as Starling aud others 
have carefully noted in the case of section of the posterior roots, may 
be ascribed to the mechanical irritation Tatler then to ae of 
normal impulses. In the present 

series of experiments when the | 
cord was cut in the lower cervi- 
cal region attention was only 
paid to changes in the breathing 
resulting from plugging of the 

_ trachea, 


Blocking of the trachea took 
place under three sets of con- 
' ditions in the rabbit: (a) vagi 
and spinal cord intact; (b) vagi 
cut and cord intact ; (c) vagi and 
cord out. Under (a), as shown 
in Fig. 1, occlusion in the in- 
spiratory position of the lung 
leads to relaxation of the dia- 
phragm or expiratory movement 
(downstroke of lever), followed 
by a pause of three or four eee | 

seconds. at the end of which | Pig. . 

comes a deep inspiration. This 

inhibition is a reflex act, the afferent path being the vagus. The same 


figure shows the effect of occlusion in the expiratory position—an 


instantaneous deep inspiratory effort, succeeded by similar movements 
gradually increasing in depth, till convulsions set in if block be 
continued. ‘This movement too is a reflex whose afferent path we are 
at once tempted to say is also the vagus. This view can Bes acai 
noting whether it occurs after — of the vagus. 
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RESPIRATORY MEOHANISM. 


Fig. 2 shows the response to occlusion under this new condition (b). 
The character of the response to the inspiratory block is completely 
altered: there is no pause, but a gradual slight increase in depth of 
the respiratory movements (accumulation of OO,). If the lever be 
allowed to swing free from its base it will be seen that the expiratory 
movements are more extensive than the inspiratory. under these 
conditions (Fig. 3). In the. expiratory position with vagi cut the 
tracheal block gives a response which is practically the same as the 
expiratory block with uncut vagi; but the depth of succeeding in- 
spirations is somewhat greater and there is no slowing. | 


Fig. 2. 


So hr the experiments eonfirm the existence in the vagus of 
inhibitory or expiratory fibres coming into play during, and as a result 
of, normal movements, and whose stimulus is visceral in origin. With 
regard to inspiratory fibres in the same trunk we are more or less where 
we were, except for a distanct, impression in support of Gad’s view that 
they do not exist. Head's experiment of cutting the vagus on one side 
and puncturing the pleura on the other has been accepted as a 
refutation of Gad’s view; but puncture produces a condition of the 
lung-collapse—which cannot be taken as representing its condition at 
the end of a normal expiration, whereas tracheal block simply maintains 
_ the lung in this position. . Puncture of the pleura gives rise to deep 
inspiratory efforts even when both vagi are cut. Puncture of the pleura’ 
gives a more marked response when the vagi are intact, whereas 
tracheal block in the expiratory position gives the converse result 
better marked effect with. vagi cut. Puncture of the pleura with the 
cord cut had no effect. The sympathetic was out with the vagus in 
some cases ; ne The 
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results point to the ‘absence in the cervical sympathetic of afferent — 
fibres from the lung, at any’ rate of afferent fibres — 
movements. 

Many writers have dealt with the importance of bearing in ended 
possible afferent impressions from muscles concerned in various move- 
ments. Scott refers to such stimuli as perhaps existing in the case of 
the respiratory muscles. Goldscheider lays ‘stress upon impressions 
from the synovial membrane in case of a joint. In the respiratory 
movements we have a viscus, a membrane—the pleura—and a set. of 
muscles to consider as possible seats of stimuli” to afferent nerves. 
Occlusion of the trachea may modify in a mechanical way the different 
impressions from any or all of these sources; chemically it would 
mainly affect the viscus. Prima facie from the case of expiratory 
impulses in the vagus one would argue that inspiratory impulses by 
whatever path conveyed to the centre arise in the viscus rather than it in 
extraneous parts. 


Obber on thie: dation of | 
“ muscles, etc. are Stewart and Pike, Winterstein, Baglioni. 
Stewart and Pike cut off the blood supply and tested the irritability’ 
of the centre to stimulation of somatic nerves. Ba glioni distinguishes 
between inadequate stimuli (sciatic, brachial, eto.) and adequate stimuli 
(thorax walls, diaphragm). Winterstein used curare to cut off all 
afferent impressions from movements, also a continuous air stream, with 
which there were no movements, and cut the phrenie in the neck, 
leading it off to a string galvanometer. He showed that there were 
efferent impulses from the oentre ou stopping artificial respiration or 
the air stream. These he says are purely automatic. Schenk describes 
a series of experiments in which he recorded the chest movements by 
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and stopcock, a necessarily defective method of investigating the results 
of blocking. He employed different methods of placing the vagus hore 
de combat—for instance section, and the passage of a constant’ current 
with three electrodes (reizlosen Auschaltung). Some of his results seein 
anomalous, and indicate that his method did not completely block 
vagus impulses. However, he noted that blocking of the trachea in 
expiration had the same effect whether the vagi were cut or not. He 
offers no explanation. We leave out of consideration the question of 
afferent fibres in the phrenica, as the results are independent of them. 
The phrenics were not interfered with. 

Plugging of the trachea may be looked upon as a certain means 
of maintaining the lung mechanically in any desired phase of its 
movements, It may also be regarded as so hampering the initial or 
continued contraction of a group of muscles as to set going reflex 
impressions to their antagonists. That such impressions exist and that 
they exert an important influence on the control and regulation of 
normal respiratory movements this paper will, I think, demonstrate, with 
the reservation, however, that it has not neem found Possible to 
dissociate pleural from muscular impressions. 

We have established the existence of inspiratory afferent nerve 
paths somewhere outside the vagus trunk. There remains to investigate 
on the one hand their location and on the other the origin of the stimuli 
appropriate to them. Jolyet described a particular nerve bundle 
beside the vagus, stimulation of which gave changes in breathing. 
Boruttau denies the existence of this bundle, but lays stress upon the 
careful separation of the sympathetic from the vagus. The sympathetic 
as already mentioned has been given due consideration in the present 
series of experiments. 
Tbese considerations led to trying the effect of occlusion with the 
cord and vagi out. All efforts to perform the operation of section in 
hutch rabbits failed; they bled profusely and died immediately after 
section. Succeeding however in procuring some wild rabbits immedi- 
ately after trapping I had little difficulty in performing successful 
operations on them. The seventh cervical vertebra was chosen as the 
level for cutting. Hemorrhage was easily checked by the free appli- 
cation of hot sponges, and the cord was divided without laminectony by 
the use of hot blunt needles, curved somewhat like an aneurism a 
Complete section was verified in all cases post- mortem. : 
| Following the same procedure as in previous experiments the 
results of blocking the trachea show in this new condition some well 
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marked changes (Fig. 4). It is at once evident that the inspiratory 
stimulus set free by blocking in the expiratory position has been cut 
out, The inspiratory block has the same effect as with intact cord, and 
block resembles it very closely. ‘Instead of the 


Fig. 4. 


increase in depth of succeeding movements we get sha a decrease in 
the extent of the first three or four, and then a stair-case rise 
(accumulation of CO,), pointing, I think definitely, to the existence of 
inspiratory impulses normally passing through the cord to the respiratory 


| Fig. 5. 
centre. Where do these impulses arise? Are they visceral, muscular 
or pleural? To the elucidation of ‘question the 
ganglion will provide a key. 


with onte. attention Grst 
paid to the results of tracheal block with intact and cut vagi. As 
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shown in Figs. 5 and 6, with normal vagi the inspiratory block gives 
practically the same result as in rabbits, while the expiratory block 
canses a more marked slowing, though with greatly increased depth 
of -suceeeding respirations. Cutting the vagus in the cat had ne 
appreciable effect on this expiratory block beyond causing less slowing. 
In the non-vagotomised, as in the vagotomised, rabbit the alteration of 


Fig. 6. 


Fig. 


accompanying the increased depth resulting expiratory 
block was less than in the cat. It is interesting in this connection to 
compare Scott's results with the inhalation of CO, which in the 
vagotomised rabbit caused increased depth without change of rhythm. 

The next procedure was the removal of the stellate ganglia after 
section of the vagi. Section of the cord at the seventh cervical vertebra 
plus section of ‘the cervical —" throw out the ganglion as 
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effectively as its destruction, which therefore has no bearitip either on 
the existence of the different impressions referred to or on their paths. 
Destruction of the ganglia however is of importance in determining the 
origin of such impulses, as it may be said to cut off effectively afferent 
visceral stimuli. Inspiratory block in this condition is unchanged. 
Expiratory block is however altered. As seen in Fig. 7 there is still 
a definite response though it is not 80 extensive, showing, if we consider 
all visceral impressions as cut off, the | 
presence of mural (muscular or pleural) 
inspiratory impulses still passing to 
the cord. The change in the response 
may be interpreted in one of two 
ways: it may be diminished by the 
cutting off accessory visceral impulses ; 
or it may, by the interference with 
somatic nerves which the tearing out 
of the ganglion causes, hamper the ~~ Fig. 8. 
passage of purely muscular im- 85 
pressions. I am inclined to take the former view “as the greatest 
possible care was exercised in the destruction of the ganglia. — 

Lastly, with the vagi cut and the stellate ganglia removed, the cord 
was severed in the cat. This as shown in Fig, 9 completely nullified 
the response to the expiratory block. 

The inhalation of CO,, as administered by Hill and Scott to show 
its effects with and without vagus action, should give some interesting 
results with the stellate ganglia removed, and with severed cord. 


SuMMARY, 


During ollie movements of the respiratory apparatus inspiratory : 
impulses pass to the centre in the medulla via the spinal cord. These 
arise in the thoracic walls and travel by somatic nerves, (ge 
There exist probably also inspiratory impulses of visceral origin 
are. via the stellate ganglion. - 
Afferent impressions of the vagus are 
chiefly inhibitor. | 


My best thanks are due to Prof, 1 for: many hints aed 
suggestions, I have also to ‘express my indebtedness to my friend 
Dr R. H. Barter for the assistance rendered i in some 
of the recent experiments. * 
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THE OXYGEN CAPACITY OF BLOOD CONSIDERED 
ix RELATION TO THE CONCENTRATION OF 


HASMOGLOBIN. By J. H. Emmanuel 


Cambridge 
(From the Physiological Lehoratory, 


Max chor states that reduced blood takes up more oxygen when 
diluted than when undiluted; that in fact as the state of dilution 
increases the amount of oxygen which can be taken up increases 
proportionally until a limit is reached. At a greater dilution than 
eight or nine times that of blood, the amount of oxygen taken up 
decreases, gradually approximating to the amount taken up by undiluted 
blood, This phenomenon, he observes, takes place with several diluents ; 
water, isotonic and hypertonic sodium chloride solution, hypertonic cane 
sugar solution, and serum are all capable of producing the effect; 


moreover it is obtainable with the following gases: O,, CO, C, H., 


C,H,, NO. The increase obtained is very considerable. Working with 
oxygen and diluting the blood with water, Manchot observes an increase 
in the oxygen capacity (de. the number of c.c.s of oxygen taken up by 
100 cc. blood at N. T. P.) from 22°4 in the case of undiluted blood to 28°9 
at the optimum dilution. Similarly using isotonic sodium chloride he 
gets an inc#@ase from 21˙5 to 28˙3, that is to say an increase of con- 
siderably over 30°/,. He interprets this to mean that at the optimum 
dilution, the atoms of iron in the hemoglobin molecule combine each 


with two and not only with one molecule of gas whether the latter be 


oxygen or carbon monoxide. . 


Heubner and Rosenberg have worked on this subject with the 


spectrophotometer but have failed to obtain Manchot's results. They 
pointed out moreover the impossibility of getting such an effect as 
Manchot describes when isotonic or hypertonic diluents are used, 
because in this case the concentration of the hemoglobin molecules 
entering the reaction cannot change, so that presumably there can be 


no change in the oxygen capacity. Manchot@ has replied that ‘the 


experimental work of a and ee does not in the least 
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OXYGEN CAPACITY OF BLOOD. 498 


contradict. his own, because while they considered dilutions of 1 in 62 
and 1 in 218, he was considering dilutions up to 1 in 9 above which 

no effect was obtainable. With regard, however, to their assertion that 
no dilution effect could possibly take place when isotonie diluents are 
used, Manchot says that while it is true that the concentration of 
hemoglobin molecules will not be affected, yet it is not impossible that 
the oxygen capacity should change. For the CO, in the blood attaches 
itself to the hemoglobin in a reaction which runs alongside of the 
reaction between O, and hmoglobin. If blood is diluted with a diluent 

free from CO,, some of the complex (CO,— Hb) will break up and 
leave Hb free to take up more oxygen. He claims that the double 
reaction of hemoglobin is precisely analogous to the action of many 
metal salts, notably that of cuprous chloride which in hydrochloric acid 
solution takes up CO. 

Butterfield @ has also been unable to repeat Manchot’s work, using 
the spectrophotometer. Manchot however considers that very little 
reliance can be placed on spectrophotometric methods in view of the 
many possible errors which have recently been demonstrated with 
regard to them. : 

In order to consider Manchot’s hypothesis further, it was felt 
desirable to repeat his experiments determining as he did the actual 
absorption of oxygen by blood, the measurement made being that of 
the oxygen taken up by reduced blood. For a confirmation of his 
results would necessarily have a very far reaching effect on the previous 
work done on the nature of the oxygen-hemoglobin combination; 


rather than ‘indicating a different chemical relation it might point to 


the importance of physical processes such as adsorption in the deter- 
mination of the oxygen taken up. Indeed it is hard to conceive how 
dilution such as Manchot describes could affect reactions which were 
not of the nature of adsorptions. Moreover it seemed desirable to see 
(Y) if blood on dilution gave off more oxygen by the ferricyanide 
method, (2) if the blood. subsequently gave off with ferricyanide the 
same amount of oxygen as it took up by absorption, Supposing blood 
‘to have the same oxygen capacity by the two methods, the possibility of 
any oxygen being adsorbed (other than that liberated by the mite ui | 
_ disappears. | 
The following data indicate the oxygen: capacity of blood diluted: to 
different degrees as determined by the ferricyanide method. 
Manchot's own procedure of measuring the amount of o. 
taken up by blood reduced. (1) when undiluted, 
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dilated wis next adopted. ‘Tt is to be noted that ‘he took as his criterion 
of bomplete reduction, the disappearance of the spectrum of oxy- 
hemoglobin. Haldane and Lorrain Smith showed) that blood 
may contain 16% of its oxygen and yet appear spectroscopically quite 
reduced. Some of his results may then be explained as being due to 
the passage of oxygen from incompletely reduced blood to oxygen-free : 
diluent, the blood then taking up more oxygen. | 8 


Biood undiluted 1 in § Diluted 
189 
14838 186 } Dilucnt :—water. 
14˙1 14˙3 


For preparing the dilated blood in experiments, 6. of undiluted blood 


were added from a pipette to 8 c.c, of Ringer’s solution, or distilled water which had 


been previously well shaken up with air to saturate it. This mixture was then again well 
shaken up so that blood saturated with oxygen and five times diluted was obtained. 
Similarly for the nine times diluted blood, 2 c.c. were added to 16 ¢.c. diluent. It is clear 
from the above that by liberating the oxygen from blood with potassium ferricyanide, no. 
inerease in the oxygen capacity due to dilution, either with Ringer’s solution or water 
3 is obtainable. 


Fresh blood into the bulb of a pump 
(Barcroft modification of the Toepler- pump) and this was evacuated 
until no further trace of gas appeared when the mercury was driven 
over. A Haldane’s gas sampling tube of about 40 0.0. capacity closed 
at both ends with a double bored stop-cock was filled with nitrogen and 
then evacuated, so that any residual gas (and there was never more 
than 0˙2 e. c. at atmospheric pressure) was nitrogen. The reduced blood 
from the pump was collected in this evacuated receiver. 

To draw off samples of blood from the tube, one end of the Site 
was dipped under mercury in a trough, and a pipette was attached to 
the other end by a small piece of rubber tubing. In every case previous 
to the collection of 2 de., the whole tube was well shaken to secure 
a uniform distribution of corpuscles. The first two or three pipette - 
fulls of reduced blood were always thrown away. The blood gas 
bottles of four sets of apparatus @ were prepared containing (a) 5 o., 
(b) 5 c, (e) 2 oc, (d) 3 cc. water saturated with air. i 

From a 2 C. pipette of reduced blood, 5 ¢.c. blood was quickly run 
into each of these four bottles below the water. They were then 
attached to the rest of the apparatus and put in the water bath. In 
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capacity by the method. were as follows’ 


be subtracted as due to the oxygen and nitrogen physically dissolved. 


above results, there is no steady increase in the oxygen capacity with 


OXYGEN CAPACITY oH BLOOD. 488 


the second bottle of each apparatus, 5 cc. of water was added instead. 
of ; cc, blood, and the diluting liquid as before, Thus the difference 
in pressure produced by the reduced blood absorbing oxygen was 
obtained, and so from the constant of the Wpparatus, the actual volume 
of oxygen absorbed was obtained. ee 
The taps were opened to allow the pressure to i l 
closed again, and the oxygen in the blood was now turned out by 
admitting potassium ferricyanide. This was again measured. Thus 
two determinations on each sample of blood were obtained, the one 
giving the oxygen capacity by absorption, and the other the * 


Diluent unter. 
_ Oxygen Capacity. Oxygen Capacity 
Dilution, By absorption B ferricyanide By absorption. ferricyanide 
1 24-9 23°8 22˙3 
1 28 ·˙8 28 ˙8 26 ˙1 23-0 
5 274 28˙86 26 ˙4 28 ˙1 
5 26°5 24˙1 27˙1 22˙8 


In these figures the quantity of oxygen and nitrogen physically 
dissolved has been accounted for on the basis that 5 c. c. of water at the 
partial pressure of air dissolves ‘007 c.c. of nitrogen and 0036 c.c. of 
oxygen. So that from the total volume of gas absorbed, ‘0106 c. o. must 


These figures are of course only approximate, but are sufficiently accurate 
in view of the comparative smallness of the amount physically dissolved. 

Similarly using Ringer's solution as diluent, though these results 
were not checked by simultaneous ferricyanide determinations: 


_ Oxygen Capacity | 
Dilution Absorption Absorption © 
1 26°5 25 
28 ˙2 22˙5 
27˙1 248 
7 22 ˙4 254 


en determinations of different samples of same blood gave 
a mean value 22°4. 
It is clear that whatever other conclusions may be drawn from the 


increased dilution. There certainly appears to be a very important 
difference between the oxygen capacity by absorption and, that by 
the ferricyanide method, in fact just such a percentage difference as 
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Manchot obtained between his oxygen capacities of “undiluted. and 
optimally diluted blood. While the results by the ferricyanide. method 


are constant those by the absorption method, especially in the case of 


Ringer’s dilution show strange irregular variations. 

During the previous reduction of the blood, the carbonic acid will 
have been removed from the bases to which it was attached and the 
reduced blood might absorb the CO, (rather less than 1%) in the air. 
No allowance had been made for this factor and as Bohr and Jaquet o 
have shown, at very low CO, pressures practically the whole of the 
available gas is absorbed. The irregularities might then be due to 


differences in the times taken in performing the different experiments, a 


or possibly accidental breathing into the — might raise the 
CO, percentage. 

Accordingly very weak ammonia solution, thoroughly saturated 
with air, was used as diluent instead. Under these conditions the 
constants. by. the absorption method became regular and practically 


identical with those determined on 5 same blood by the — 


method. 
-880 ammonia in } litre-of vater). 
JJ) 
1 18˙4 17˙6 
19°4 
1 — 198 
5 18 ˙9 ))) 
7 19˙8 18˙2 | — 17˙4 
1 The details of this experiment may be given as an example. 
Diluent :—weak ammonia solution. 
| Oxy. Cap. by Absorption con. Cap. by Ferricyanide 
App. Press. Diff. Const, Oxy. Cap. Press. Diff. Const. Oxy. Cap. Dilution 
25 27°3 866 18˙2 ˙1 858° 18˙8 


In obtaining the oxygen capacity by absorption, from the volume of gas absorbed, the 
volume “106 mast be deducted as being due to oxygen and nitrogen physialy 
dissolved. 

In bottle 25 there was ‘60.0, NH solution, 49 0. 0. blood. 
e of empty bottle 376. Constant of bottle containing 1 c. e. 365. 

Total volume gas absorbed =27°8 09°64 cmms. or ‘00064¢.c. 

. Vol. gas corresponding to Oxy. Cap, = 09964 0106 = · 08904. 

blood ab 1 dilution combines with “08004 Oxygen. 
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OXYGEN CAPAOITY OF BLOOD. 
0 If averages be taken of these four experiments, then 


Oxygen Capacity 
Dilation “Absorption le 
1 18°3 174 
5 17-6 17°65 
7 178 17-1 


‘5 ce, saturated 
ammonia that there is an absorption producing a difference of about 
1 mm, in the manometer. (In ordinary experiments with the blood- 
gas apparatus, this effect is cancelled, as blood occurs in the bottles of 
both sides.) This tends to lower the value of the oxygen capacity for 
absorption by about 7, i.. from 18˙3 to 17°6. This vapour pressure 
effect is not obtained with the dilutions i 5, and 1 = — 
the _ values are 


1 7 17°4 
5 17% 17˙5 
7 17°8 17˙1 


All din eres are within the limits of 8 error, and 
may be taken as identical. It is clear that no 88 — effect as 
Manchot describes actually occurs. 
With regard to his results it must be pointed out in the first shin, 
that he attempted to measure the volume of gas absorbed directly ; 
this is a process necessarily much less accurate than the observation of the 
difference of pressure produced in the differential apparatus. A very 
much more dangerous source of error lies in the fact that he reduced 
blood by passing hydrogen through it, and concluded that when the 
spectrum of oxy-hsmoglobin had disappeared, the blood was completely 
reduced. However he observed that the absorption capacity still further 
increased after this point, but assumed that this was due to the driving 
out of CO, by the hydrogen gas. 
The most probable source of his result lies in the possibility of CO, 
being present in small quantity (less than 1% ) in the gases (oxygen, 
carbon monoxide etc.) which he used. Especially is this the case since 
he failed to get the results when diluting with potash solution. He 
explained this, however, as being due to the hydrolytic action of potash, 
as an alkali, on hemoglobin. But his high values have been obtained 
when water has been used as diluent, and have disappeared when 
- ammonia solution has been used. That ammonia solution of the 
strength mentioned could have any hydrolytic effect is impossible. 
Clearly the obvious N is that the ammonia cancelled the 
effect of the CO,. 
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states that when is diluted; the oxygen capacity 
increases, | 

Experiments Laie been made in which the oxygen capacity at 
different dilutions was determined (1): by the ferricyanide method, 
(2) by finding the amount of oxygen taken up by completely reduced 
blood at different dilutions. There is no alteration in the oxygen 1 
capacity due to dilution, which is discoverable by these methods. 1 

The oxygen capacity determined by the is ‘the: 
by the absorption method. 


1 ik to thank Mr Bareroft for a great deal of t help and advice in 
these 
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FURTHER EXPERIMENTAL STUDIES ON BERI- 3 
_ “THE ACTION OF CERTAIN PURINE- AND PYRI- 
MIDINE-DERIVATIVES. By CASIMIR: FUNE; ‘Beit 
Memorial Research Fellow. 


(From the Biochemical J Lister Institute.) 


‘In one of my earlier papers on this subjecta, I was able to show, that 
a substance may be isolated from rice-polishings, which administered to 
birds, suffering from polyneuritis, produces a complete recovery. 

The same substance has been isolated by analogous methods from 
yeast, milk and brainw. The chemical properties of the substance 
suggested to me, that it probably belongs to the pyrimidine-group. As 
the substance is very unstable, an attempt was made to reduce the 
manipulations to the strict minimum and to avoid the action of alkali, 
which seems to have a very destructive effect. It was tried to simplify — 
the method and to make the yield better, but all methods failed and 
have to use again my former method. An extraction on a large scale 
is now in progress. I have also repeated the experiments of Suzuki, 
Shimamura and Odak e and I have found, that the method does not 
work in our conditions, With Malay polishings, stored very likely for 
a considerable time before their arrival in this en I was . 
unsuccessful, 
It was thought, for inabation: that the process could be shortened, by 
leaving out the precipitation with phospho-tungstic acid. A fractiona- 
tion of rice-polishings, carried out on these lines, did not yield the beri- 
beri-vitamine’, but a substance of similar properties, namely allantoin, 
which in the first case passes into the filtrate This substance was also 
tested on neuritic birds and was found not to be curative, but only to 
effect some improvement and to retard the death of the animals for 
several days. These results together. with the probability of a pyti- 
1 This name being suggested for the anti-neuritic substance for the present till the 
chemical structure is found out. 

Schaumann in a recent paper (Arch. f. Schiffs- wad Tropenhygiene xvt. p. 825, 1912) 

claims to have isolated the anti-neuritic substance before me; The substance was not 
identified and the method used in his case could only lead to the isolation of allantoin, 
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490 0. FUNK. 
~ midine structure for the beri-beri-vitamine, led me to try the effect of 


known purine- and pyrimidine-bodies on neuritis in birds. These 


experiments had two purposes, first to see, whether these substances 
have a similar action to allantoin, the second whether the animal is 


able to use them for building up the necessary vitamine“ Besides 


this this investigation had to help the chemical investigation of the 


anti- neuritio substance, which has great difficulties because of the small 


yield. 
The experiments which will be described i in this paper show beyond 


any doubt, that a number of purine- and pyrimidine-substances possess — 


a very marked action on neuritic birds. Although the sick birds rarely 
die later than 24 hours after the onset of the symptoms, as a number of 
controls have shown, I was able by addition of these substances to keep 
them alive for 4,5 and often more days. The daily supply of 30 grm. 
rice with an addition of allantoin (synthetical product O 025 grm. a day) 
delays the onset of symptoms for several days and lessens the waste of 


weight, The birds die with very slight or even without any neuritic — 


symptoms, Similar to allantoin is the action of hydantoin especially 


as concerns influence on weight. Some substances have even a very 


marked effect on the symptoms, on several occasions results were 


obtained which could be regarded as real cures and lasted for 4-5 days. 


I propose to prepare some of these substances synthetically and to add 


them daily to the polished rice diet. Only a few of these substances 
used in these experiments were prepared by me, Most of them 
were supplied by Dr Levene, Professor Winterstein and Professor 


Schittenhelm, and I would like to express here my gratitude for 
their kindness. My explanation of the action of these substances is, 
that-owing to a similar structure, they are able to replace some of 
the physiological functions of the beri-beri-vitamine. 


They explain at the same time the action of nucleic acide. on 


neuritic birds and also the action of certain alcoholic extracts (phos- 
phatide fraction), which when free from the vitamine, contain as I 


have shown, a large amount of nucleic acid derivatives as impurity, 


As uric acid has no effect on pigeons, it is made probable, that birds 


are not able to form allantoin from uric acid, a result which is in 
- concordance with the fact, that their organs were found free from 


uricolytic ferment. In this respect the birds seem to show a great 
analogy to man. As Ackroyd@ shewed, the amount of allantoin 


present in the food largely accounts for the amount of this substance 
— in the human urine. 
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BERI-BERI. 


The pigeons were fed as usual on polished rice; after the onset of 

symptoms a dose stated each time (as a rule 0°1 grm.), dissolved or in 

& suspension in water was introduced in the crop and the animals closely 
observed. In other experiments (with allantoin and hydantoin) the 

substance was added daily and the animals weighed regularly, until 


they died. | 
No, of Origin of 
Substance — (erm) animals thepreparation Results 
Urio acid 0˙2 2 Kahlbaum None. 
A 91 2 Winterstein Survival 30-50 hours. 
Gdanin 2 0˙¹ 2 Levene Practically none. 
Hypoxanthin 01 2 Winterstein 3-5 days survive, 
Xanthin 0˙¹ 2 W 24 „ ” | 
Paraxanthin | Cure and survival for 6 days, 
iat | in other 8 cases no marked 
0% 2 Ownprep. Improvement of the 
Thymin — — 05 2 Levene None, | 
Allantoin 8 0˙1. 7 On prep. 2-3 days] Very marked im- 
| provement in sat 
Hydantoin Souk 0˙2 5 95 2-9 days) of the animals. 
Yeastnucleic acid 1 1 _ Bohringer 4 days survival. 
Thymusnueleic acid 0-2 2 Schittenhelm 9-14 days 
0-1 8 Levene - 14 „ Very marked 
Oytidin JJ... 8 
Duration experiments. 
Allantoin experiment. 
of es- allantoln dally Controls, 90 grat, of rice. 
Initial weight 1879 lx 895 806) NMI 819 
P00 872 861 298 812 
190 
% 8 
20 „ 296% 23446 292 — — — 
of weight 184 2 47 


From this 3 we see, that the birds with allantoin lose less 
in weight, show slighter symptoms, The birds with allantoin lose 
1 grm. per 100 grm. weight, whereas those without 2°1 grm. daily. 
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Initisl weight I 8 II 406 491 VI 8865 
After 2 days 866 991 4718 416 860. 884 

4, 357 404 420 487 868 899 
348 876 404 38% 3876 
527 6% dee 386 
„ — 368 840 — 327 
— 
8 
20 „ — — — — 


Whereas the controls lost 1°38 grm. daily from 100 grm. sa dia the 
birds with e lost only 0°98 grm. 


1. Certain purine- and pyrimidine-substances have a very sata 
effect on pigeons suffering from polyneuritis; a relationship between the 


chemical structure and the action could not however be established. 


2. The action of allantoin that p are not 


convert uric acid into allantoin. 
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DETERMINATION OF THE CONSTANT OF THE 
DIFFERENTIAL BLOOD GAS APPARATUS, WITH 


XA NOTE ON THE SPECIFIC OXYGEN CAPACITY 
BLOOD. By J. BARCROFT AND J. H. BURBS. 


(From the Physiological Laboratory, Cambridge.) 


In the differential blood gas apparatus o) the amount of oxygen in ‘the 
blood may be measured by liberating it from the hemoglobin with 
potassium ferricyanide. Instead of measuring the volume of oxygen 
given off, the difference of pressure it produces in a clove oil manometer 
is observed. To find the volume of oxygen, PV, from the observed 
difference of pressure, P, P is multiplied by K, the constant for the 
apparatus. Up to the present the constant has been determined by a 
method which depends for its accuracy on the extent to which the gas 
laws hold good in practice; it can be shown mathematically that the 


constant, K =~ 72 A, where v= volume of the bottle in which the gas is 


set free, p i is the pressure in mms clove ci, and A is the area of cross | 
section of the manometer tube. 
Such a method naturally has certain small sources of error which 
cannot be calculated, and it was felt that matters would be placed on a 
more satisfactory basis if the constant could be determined by some 
other method involving different sources of error. The obvious pro- 
cedure is to liberate a known volume of oxygen in the apparatus and to 
note the difference of pressure produced. The reaction of potassium 
permanganate on hydrogen peroxide in the presence of sulphuric acid 
has been used. This has the advantage that precisely the same 
experimental routine is followed out in liberating the oxygen as in 
determining the oxygen capacity of blood, and moreover the same gas : 
is set free in the two cases. 

Reagents. It is necessary to use a hydrogen perotide solution of 
such a strength that 1 c. will give off rather less than 2 C. c. oxygen, 
and a potassium permanganate solution such that ‘2c.c. is more than 
sufficient to liberate all the oxygen from the 1 c.c. of hydrogen peroxide. 
The sulphuric acid must be of a dilution so great that no appreciable 
vapour pressure changes take place in the course of the e 
and it is found that a O1N sree is satisfactory. | 
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4% J. BAROROFT AND J. H. BURN. 


Method. It is first of all necessary to prepare a standard solution of 
potassium permanganate; for this purpose ferrous ammonium sulphate 
must be used; the hydrogen peroxide solution is obtained by diluting 
80 Ce. of “pure twenty volume” hydrogen peroxide up to 2 litres . 
distilled water. The equation is then: 

¢KMn0, 2MnSO,+9H,0+50,. 


Into each of the blood gas bottles, which must be quite clean and 
dry, there is put 2 Cc. of H,SO, solution, and 1 «ec. of hydrogen peroxide 
solution. The bottles are then attached to the greased stoppers, and 


turned so that the little tubes in the stoppers are cut off from the 

bottles. Into one of these little tubes, ‘2¢.c. KMnO, solution is run, 

and into the other ‘2c.c. water. The apparatus is then put into the 

water bath, and when the contents of the bottles have come to the 
same temperature as the bath, the taps are closed, 


the one bottle, the is added, and to the other, the 


Zee. water. The apparatus is well shaken to liberate the oxygen, put 


back in the water bath, and after a minute or two the new levels of the 
clove oil are read off. The shaking is repeated once or twice till these 


levels are constant. 


At the end of each experiment, the contents of the bottles should 
be almost clear, and it is essential that there should be the pink colour 


denoting excess of permanganate. At least six or seven such deter- 


minations should be made and the ‘strength of the hydrogen peroxide 


which varies slightly during a period of six or seven hours, should be 
accurately determined at intervals of two hours. 


Preparation of standard potassium permanganate. . 
were dissolved in 2 litres of distilled water. Pure recrystallised ferrous | 
ammonium sulphate was taken, finely powdered and a quantity of 
weight 26723 gra. was dissolved in exactly 500 Ce. of recently boiled 
water slightly acidulated with H,SO,. 100c.c. of this solution titrated — 
against the permanganate (added from a burette) gave after addition of 
excess H,SO, the value 19:48 as the number of c.c. of permanganate. 
required to oxidise... This titration was — three times with = fe 


same result in each case. 


10 (NH,),80,, 6H,0} +2EMn0,+ 8H, 80, 


This equation shows that 39184 ferr. ammon. eulph. are oxidised 
by 316 gra. potass, permang. so that the ferr. ammon. sulph. used was 


oxidised by 0431 grs. pot. permang. 


this wt. is contained in 1348.00, pot. permang, eo. 1000 e. 


pot, permang. contain grs. 
Tuo other similar experiments gave the results 3-208 and 3 187. 
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results as follows : 


BLOOD GAS APPARATUS. . 495 
' Determination of strength of hydrogen perowide solution. Roughly — 


80 cx. of the twenty volume were diluted up to 2 litres with distilled 
| water. This solution was titrated against the standard permanganate. 


100 0%. hydrogen peroxide sol. required 10°88, 1 1087, 10°85, or a 
mean of 10°85 c.c. permang. 
Now 316 grs. pot. permang. set free O, from 170 grs. 1985 bes. 
„ 1 0%. hyd. perox. contains ‘00018665 grs. 


And 34 gra. hyd. perox, liberate 32 gre. of O, or 


2 1000 


00018665 gre. hyd. perox. liberate 12255 c.c. O, at K. 


lec. hyd. peroxide solution gives 12255 O, at N. r. 
1 c.c. hyd. peroxide was then introduced into the blood gas bottle with 


2 C, ‘OLN sulphuric acid; 2 c.c. KMnO, (which on calculation will be 


seen to be more than sufficient to liberate the oxygen from this amount 


of hyd. peroxide) were put in the little tube above. Similarly for the 
corresponding bottle, with water substituted for the permanganate 


solution, 

A final difference of pressure of 39 mm. was observed, produced by 
the liberation of a volume of oxygen which at x. T. P. 12255 C Then 
since the observed temperature was 143°C. and pressure 7543 mm., 
and since 1000 c. c. air at the above temperature and pressure and 


Saturated with aqueous vapour .occupies saggy at N.T.P., 


"then actual vol. of gas liberated = => =? cub, mm. 


Vol. liberated 


** 


for the empty bottle = 3386 + 32 = 3°71. 


A series of determinations of this sort with different oe 


Constant by peroxide method 


Apparatus m — Mean 

858 853 350 

19 872 378 381 388 879 387) 380 

864 866 859 360 

28 B68 865 867 865 355 362 

868 856 362 | 


„F 


That is to say; 5 ee the hydrogen peroxide method 
are higher than those by the older physical method by an average 2°66°/,. 
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It is to be noticed that, eg. in the 18 determinations made on 
— 19, the extreme values 378 and 389 lie well within the 
maximum limit of experimental error which is between 3% and 4°/,, — 
80 that it is justifiable to average them, and to assume that the average 
is very approximate to the true result. This is true of the other results 

as well. | 
The method of ‘hydrogen peroxide: involves the assumption that the 
reaction of this substance with potassium. permanganate liberates in 


practice the theoretical amount of gas. This assumption is justified by 


the result. If it had happened that the constants calculated by this 
method had been lower than those calculated by the physical method, 
no conclusion about the true constant could have been drawn. It would 
have been equally possible either that the hydrogen peroxide method 
did not liberate the theoretical amount of oxygen, or that the constant 
calculated by the physical method was too high. As it is, it is justifiable 
to conclude that the potassium permanganate reaction with hydrogen 
peroxide behaves as it theoretically should, and gives the true constant 
ol the apparatus. 

The fact that the constants calculated by the physical 1 are 


lower than those calculated by the use of hydrogen peroxide and : 


potassium permanganate has an interesting bearing on the results 
of Peters @ on the specific oxygen capacity of hemoglobin. We have 
recalculated from his figures the O,: Fe ratio on the following basis, 
which though not strictly accurate cannot be far wrong. We have 
seen that with the three apparatus tested the constant is 23 */,, 2°96 ½, 
and 2°55°/, higher by the chemical method. We have taken the 
average thus, multiplying in each case the 
the number of experiments on which it rests: 

78234718 2.96711 2. 

— 01371 206%. 


Correcting Peters data on the assumption that his constants should a 
be 266 % higher the on? results are obtained : 


Former 0,:Fe j,jꝭũ Corrected ratio 
Ox 398-8 404 
| Mean Mean 
Sheep 388 „ 898 


om the ent His value for this is 416, 
and the corrected value is 427. However he was working here with only 4 0.0, of iron 
solution, whereas generally he had about 19 cc. V 
_ becomes very much greater, and includes these high values. i 
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BLOOD GAS APPARATUS. 407 


Here again as the differences lie within the limits of experimental 
error, it is justifiable to average the results, and the average of 401°8 is 


practically identical with the theoretical ratio of 401. 


‘SUMMARY. 
() The differential blood gas apparatus may be calibrated by the 


— liberation of a known quantity of oxygen from a standard solution of 


hydrogen peroxide by potassium permanganate. 
(2) This method gives a constant for the apparatus 2-2°5 / higher 


: than the method described by Barcroft and Higgins. 


(3) If this constant be applied to Peters’ results for the specific 


oxygen capacity of bemoglobin, this becomes 401°8, the theoretical 
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PHYSIOLOGICAL SOCIETY, 
June 29, 1912. 


Further observations on the effects of muscular exercise in 
man. By F. Cook and M. S. Pemsrey. 


The following are the chief results of experiments which: have been 
an upon the physiological effects of muscular exercise upon medical 
students of Hospital: 


Alveolar Air : 
10 rest 50 6˙11 4% 16°59 1391 82 108 79 
10 directly 42 639 813 495 1450 1608 12°80 1-01 1:27 84 
Vota of beth and Rae ‘ 
“Bubjects of obs. wee ‘No. of obs, av. Max, Min 
rest 111 92 16 70 19 6 7 
96 45 5 35 14 24 7 
Pulse rate Nood- pressure 
per min. in mm, Hg. 
Max. 
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. were made upon the blood-pressure and temperature 
beſere and after second wind. The highest blood-pressure observed 
_ after running was 202 mm. Hg, and during dyspnea there were greater 
variations than during hyperpnwa. The internal temperature was 
raised and sweating occurred when the runner had acquired his:second — 
In the well-trained, 3 is after runhing a rapid decline in the 
rate of the pulse and a tendency. for it to fall below its original value at 


li 
Second Wind : 
Alveolar Air 
Volume of 
8-91 1368 0-88 85 
1°65 1407. (1-09 
577 1888, 0%, 
B. 588 13-04 0°74 85 
13-48 1-04 35 
681 149686 097 
. 512 13581 0˙91 
6-78 14-98 113. 
8-81 16-98 0-96 
H. 6˙51 147% 105 
4-81 1671 
15°49 1-0 
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12 Rest 
21 


rest; in the untrained man the rate remains sii and eee 
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By r v. 1.55 
I am indebted to Professor 0 R. 3 ial Dr E. B. Leech for 
notes on the following case and specimens of the rine. 
: The patient a man, admitted to the Manchester Royal Infirmary 
bn 29th July 1910—history of ill health since previous April. On 
admission: no tumours on bones—slight tenderness over last dorsal 
and first lumbar vertebra. X-ray photographs showed no bone ab- 
normality. The patient died in March 1911. No post mortem was 
allowed. | 
~ Urine, 24 hours: average 1200 c.c., sp. gr. 1010, acidity 16 to 38: 
N 10 NaOH per cent. Protein 4-7. pts. (Esbach) per mille. Heat, copious 


: 8 between 47° and 56 C. At 100 C. markedly less, sometimes 


oe complete disappearance. Addition of trace of acetic acid caused complete 


disappearance. On cooling precipitate reappeared. Strong mineral 
acids gave a precipitate in cold, disappearing with heat and reappearing 
on cooling. Addition of acetic acid to urine—fresh or after standing— 
gave no precipitate. NaCl or MgSO, did not precipitate. Limits for — 
ammonium sulphate between 47 and 56 in urine. Attempts to obtain 
erystallisation failed. ; 
: The dialysed urine gave a heat 1 thermostablé at 100° 0 
The original behaviour was restored by the addition of salts. In all 
other respects the protein behaved like that described by Magnus Levy. 
During the course of these observations a paper on this subject was 
published by Hopkins and Savory. The protein in the present case 
resembles closely that described by them (J. of P. 1911, p. 189). BS 
I wish to draw special attention to the phenomena exhibited. by the 
protein when heated under the microscope on the electric hot stage 
Corrain Smith and Mair, Proceedings of Path. Soc, Journ. of Path. 
Vol. xv. 1911, p. 128). At first ordinary cover glasses and slides were 
used but later it was found better to use hollow slides with cover glass. 
Original urine :—at 45°--47° C. the field was rapidly covered with a 
cloud of minute spherules, showing brownian movement, increasing in 
number with the rise of temperature. Between 50°—60° these clumped 
together suddenly (flocculation); between 80° and 95°C. these clumps 
rapidly melted to oily droplets. On cooling they become slowly opaque 
and a few small droplets appeared between the larger ones, probably 


, 
; 
* >) 
3 
paves: 
~ 
5 4 * 
ig 
75 
ts 
+4 
* 
. 
he 
8 
** 
1. 
* 
+ 
“4 
as 
4 
* 
SS 
2 
23 
*J 
N 
i. 
— 
a 
* 
2 
va 
+ 
* 
* 
x 
752 


„ PROOREDINGS OF THE PHYSIOLOGICAL 


- separating from solution. The urine with hydrochloric acid: —the 
precipitate which came down in the cold showed the melting point 
extremely well. 

“The addition of a small amount of methyl violet or of acid fuchsin 
before heating showed, first the adsorption of the dyes by the floccule, 
secondly, when these melted, blue or red droplets respectively. 

Dialysed urine, or dialysed solutions of protein (precipitated by am- 


| monium sulphate), thermostable precipitate, gave a cloud of fine droplets, —_ 
which did not run together at any temperature, at least in the depth 


of the fluid. It was sometimes observed that where these accumulated 
at the edge of the cover glase—owing to evaporation—they fused into 
the oily condition. This change also took place in contact with the glass 
surfaces. The change to the oily state was more marked on repeating 
the heating and cooling. 

I.!n test tube experiments, the clearing of the fluid at 100°C. is not 
always due to solution, but in a = measure to the “ melting ” 
phenomenon. 

The presence of electrolytes (e.g. NaCl) causes 3 (flocculation) 
which favours fusion, solution can be observed to some extent 
salts of the type BaCl, — 

Small amounts of alkalies cause complete solution. 

Urea, added to a dialysed specimen, caused solution and if in sufficient 
amount prevented coagulation altogether. The double effect of solution 
and melting can be observed by adding a mineral acid to a protein-urea 


mixture which is incoagulable. The floccule which came down in the 


cold on the addition of the acid, can be seen partly to fuse to oil, partly 


to disappear into solution. Specimens of the protein rendered insoluble __ 


by alcohol, in presence of ammonium sulphate, showed melting * 
mena when suspended in a saturated solution of the salt. 
My observations lead me to believe that this phenemenon of 
“melting” is a property of the protein apart from the presence of 
- electrolytes or other bodies—except such as are present in minimal | 

amounts in a dialysed solution. | 


On the other hand, the appearance of large globules depends on ; 
flocculation brought about by electrolytes. 


A method for the separation detection of 
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and the frog's heart, By boden, 


The action of the in the of frog’s 
heart to constant level may be antagonised by ‘calcium salta. These 
same salts are also essential constituents of a perfusing fluid which can 
restore the beats of the heart to normal height after depression by the 
anssthetics. 

Stoppage in = with ether eto. may be resolved into stoppage and 

of diminishing the spontaneous contraction height of the 


| 8 may be distinguished, The one leaves apparently unaltered 


the ability of the ventricle to give a “contraction effect.” on treatment 
with a sufficiently concentrated potassium chloride solution, even though 
spontaneous beating be absent; the other is accompanied by a 
diminution in the amount of contraction obtainable by - use 93 
potassium chloride. 

There may also be distinguished two types of contraction 28 
by these substances, The one type of contraction may be greatly 
modified ‘by the use of calcium and potassium salts; the other type 


does not appear to be modified by these salts. The former is that 
produced by ether and is not immediately associated with loss of 


contractile power; the latter i is produced by chloroform _ following 


it there’ isa porménent diminution power,“ 


action of i hydrogen on. 


sufficiently solution of potassium chloride will 


duce a shortening in muscle, but this shortening is produced by an 


indirect Process. The structure which shortens under these conditions 


appears to be situated behind a membrane impermeable to ‘potassium 


salts, 

The impermeability of this membrane i is altered by beide After the 
heart has been stopped in the dilated condition by an acid, a sufficiently 
concentrated solution of potassium chloride no longer produces a 


“contraction effect,” But, judged by appearances it is entering into. 
Combination with the muscle, The ventricular wall becomes opaque, 


Or, if the 
a3 
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PROOREDINGS OF THE. PHYSIOLOGIOAL 
strength of acid used had been sufficient to produce contraction, potas- 


sium chloride will now cause dilatation and the effects mentioned above. 


The normal reaction of the ventricular wall to potassium chloride is 


readily restored by calcium salts, neutralisation not being necessary — 
though greatly assistinig:the process. ‘The hydrogen ion does not sppear 


to enter into combination with the contractile structure mentioned above. 
The: contractile: properties: are comparatively unaffected by treatment 
with the “strong” inorganic acids, but readily destroyed by the lower 
fatty acids. 


by other substances, ¢.g. the anesthetics and carbon dioxide, dees nos , 


Ww. 


the: arg ventricle may be delayed by the use of inorganic cide in 
gufficient, strength. A 0°5°/, solution of nitric, sulphuric, hydrochloric 
or phosphoric acid may be regarded as efficient for this purpose. 

fram. such strengths of acid has been obtained. regularly. 


After treatment of the heart. with these strengths of inorganic acid and 


replacing such acid solution by a ‘Ringer’ containing sodium bicar- 
bonate as a neutralising agent, spontaneous beating will be resumed. 


The new beats, though regular, are peculiar i in character, the movements 


of the heart now rather suggesting the squirming of a worm. 

The auricles do not contract together. The right auricle contracts 
first, the contraction wave then passing dorsally to the left auricle. 
Contraction in thé ventricle begins on the left side at the auriculo- 
ventricular ring, and travels across the ventricle in a series of ares ending 


at a point à few millimetres below the aortic bulb. The outermost arc d 


—base (I. side), apex, base (bulb) appears to correspond with the 
electrical phenomena discovered by Prof. Gotch’. 


‘Propagation i in the ventricle, is possibly not ‘necessarily ecccmpanied 


by contraction. In some cases, after the use of potassium. citrate, a 
12 be of tissue ‘extending from the apex to the bulb has been potioed ta 
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best in:sequente! the sarivles: but Wwithoitt ‘contenetiotia it 
other parti of the ‘ventricle-~there is alit’ made at the apex’ for 
This contraction is propagated from apex to bolh. 


—— 


yi pe of acid not of itself efficient to produce visible retardation 
of ; propagation rate may become efficient. by combining ite action with 
that of potassium chloride. When the acid used has been just strong 
enough to retard the propagation rate, an increase of the calcium content 
of the perfusing solution will restore this rate. But as the strength of 
acid used is increased it is found that the employment of calcium. chloride 
even up to 5% is not capable of restoring to the normal. The dibasic 
potassium phosphate will, however, restore the normal characters. The 
action of potassium phosphate in this connection is the opposite of the 
action of potassium chloride. When the strength of acid used has been 


very great, 49. 5°/, nitric acid, potassium — — be * 


the sectional area of the traches asd 
the body weight in certain. animals. By ee 


In connection with the 88 of a number of 1 in 
immunity it became evident that. before it. would be possible to deter- 
mine the nature and extent of the changes undergone by the organs, 

tissues and fluids of the body during active and passive immuniaation 
it was necessary to obtain accurate data regarding the quantitative 
differenees which are exhibited in normal animals belonging to the 
game species but differing greatly in weight. _—.. 

The collection of the data required, has led during the e 
on five years to a number of interesting results somé of which bearing 
upon the blood and circulation have been in part already publisher 

From these observations it appeared that in certain cases a very definite 
gelation to the body surface can be shown to exist in nee 


the formule where n iy approximatdty 70072. 
“Now seeing that the the dation 
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of the: cireulation, and that the volume of the blood: has been shown 
to be a fungtion of the body surface. in warm-blooded animals, while; as 
we have also.shown?, the total oxygen capacity is the main factor: in 
determining the size of the heart (since the ratio between thé weight. 
of the heart and the total oxygen capacity is approaimately constant in 9. 
number of different species), it appeared of interest to examine the size 
of the channel by which the oxygen gains access to the lungs. 

_ Accordingly we have measured the trachea in various animals and 
give below the figures for guinea-pigs and rabbits. The measurements 
were made just above the · bifurcation of the trachea, In the onal 
which deal with the measurements in 16 guinea-pigs covering a range 
of weight from 70 grms. to 640 grms., and 13 rabbits covering aTange 
of weight from 940 grms. to 2970 grms, the animals have in each case 
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HOW 


1 70 O606 106 $4198 ©1510 0959 1058 0676 66°80 
5 O78 202 224 O944 2°12 4-72 2-07 2°42 
4 845° +0086 809 205 O896 2:98 8°69 8°88 6°81 
453 1074 866 711 0˙806 8°61 111 4°87 16°48 
2 680 1159 429 280 486 7°24 6°08 . 80-48 
Average (0965 5°46 22°49 
3 
TABLE IL Rabbit 


a 1 4 lif 
95 178 995 12 915 
1216 192 11.84 
1638 2˙14 14% 0886 14,0 190 0-70 
2145 2% 17:90, 195. 0-802) 1798, 019. 1988 8:90 
2860 356) 1280720 2102 8400 25°47 . 18-16 


——(T— A Paper read before the 


June 8, 1910 by Georges Dreyer and W. „ 
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From these tables it is at once evident that the diameter of the 
trachea increases more slowly than the body weight. If the sectional 

area of the trachea is expressed as a percentage of the body weight, 
sod percentage is seen to decrease regularly as the animal increases in 
weight. The relation between the area of the tracheal cross-section and 
— body weight is, however, satisfactorily expressed by the formula 


7 =k, where T is the sectional area of the trachea in sq. mm, and W 


is the body weight in grms. That is to say, the nth power of the body 

weight divided by the area of the tracheal cross-section is a constant. 

And we find that u = 0:70—0-72. 

Since it has been shown in previous eotmunigations chat i in cal- | 
| culating the body surface from the body weight a more correct result 
is obtained by taking u = 0°70—-0°72 than if it is taken as g as suggested 
by Meeh, it follows that the sectional area of the trachea is a function 

of the body surface of the animal. Hence it follows also that it is not 

a simple function of the body weight, and this fact may be seen at once 

from the tables. 

If the area of the tracheal cross-section be expressed as a function 
of the body surface it is found that the mean error, as calculated by the 
method of least squares, is only 5:5 % for the guinea-pigs and 15% for 
the rabbits, while if it is expressed as a percentage of the body weight 

the mean errors become 22°28 % and 13°16 °/, respectively. 
_ Accordingly we conclude that within a wide range of weight the 

sectional area of 

the body surface. — 


the blood. By Gustav Maxx and J. = GacE. 


The greatest problem in metabotion being the transformation of 
 pon-purin into purin-like substances and the linking of iron to the 
purin by means of phosphoric acid radicals, an extension of the work 
by Lily Huie on Drosera, by Butterfield on newts, etc., was undertaken 
by us, as it seemed of great interest to determine whether the nucleated 
cells of blood would fall in line with other cells. On being fed we have 
found definite changes in the alkalinity of the blood, for during gastric 

_ digestion the Mylius-Ehrlich reaction is more marked with the ‘feeding’ 
blood than with the control blood. In addition, we find that the nuclei 
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of lymphocytes and leucocytes in all bloods, and the nuclei of the red- 
blood corpuscles of the frog, stain more deeply than do the nuclei of 
cells in the blood of fasting animals. Our experiments were made 
partly on students who were starved for 30 hours and partly on frogs, 
which were fed after the long period of winter-inanition. : . 
The changes, particularly in the lymphocytes, are so striking as to 
exclude any explanation which would account for the deeper staining of 
the nuclei by methylene-blue and other basic dyes, on the assumption 
of mere increase in the acidity of the nucleo-protein content. As 
during certain phases of feeding in Drosera, as during mitoses in 
general, so again in the blood. there is without doubt an actual 
increase in the quantity of nucleo-proteins, a phenomenon, which 
explains, why during the digestion and metabolism of non-purin foods 
there occurs simultaneously a urinary increase in the output of endo- 
Vw. 8 
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_ On the coagulation of blood. By Hanon 
PRINGLE, 


oat ae plasma is filtered through a Berkefeld filter it does not 
clot on the subsequent addition of a soluble calcium salt. In order to 
obtain this result certain precautions must be observed in the preparation 
of the plasma. The blood from a fasting animal (cats were used in our 
experiments) must be allowed to flow from the blood-vessel directly into 
the oxalate solution without previously coming into contact with the 
tissues surrounding the blood-vessel or with the walls of the glass-vessel 


into which it is received. Sometimes the filtered plasma docs not remain 


permanently fluid after the addition of the calcium salt, but may clot 
after two, three, or even twenty hours, while the addition of equal 
amounts of the calcium salt to unfiltered plasma from the same animal 
will produce coagulation within five minutes. 

It can be shown that the phenomenon observed with filtered plasma 
is not due to the inability of any of the chemical substances concerned 
in the coagulation of oxalate plasma to pass through the filter. 

Fibrinogen is present in filtered oxalate plasma in considerable 
quantity and can be prepared from it without difficulty. A distilled 
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water extract of blood platelets, which, according to Morawitz, contains 
thrombokinase and perhaps also prothrombin, will, after filtration through 
a Berkefeld filter, produce a prompt coagulation in filtered plasma to 
which a soluble calcium salt has been added. | 

Our investigations lead us to conclude that oxalate plasma, separated 
in the ordinary way by centrifugalisation at a moderate speed (about 
20002500 revolutions), is still contaminated with a small number of 
platelets. The coagulant action of soluble calcium salts on unfiltered 
oxalate plasma is due primarily to the platelets, with which the plasma 
is contaminated, being broken up in the presence of soluble calcium salts, 
and in the second instance only to the part played by calcium in the 
reaction which leads to the formation of fibrin under the influence of the 
substance liberated by the platelets. When the platelets have been 
completély removed by filtration through a Berkefeld filter the addition 
of soluble calcium salts cannot induce coagulation. 

The presence of a small number of platelets in plasma separated 
from the cellular elements in the usual way (by centrifugalisation at a 
moderate speed) accounts for a number of phenomena recorded in the 
literature. The coagulation which Bordet and Gengou observed to 
_ gecur, when plasma prepared by Freund's method was transferred from 

paraffined tubes to glass tubes, is not the result of a peculiar favourable _ 
influence on the unorganised constituents of the plasma, as these authors 
believe, but is due to the fact that the plasma was contaminated with a 
small number of platelets. The same holds good for the action of the : 
so-called thromboplastic agencies” of Nolf. 
The coagulant agent in a distilled water extract of platelets is s different 


from the coagulant agent in tissue extracts. The former passesthrough 


a Berkefeld filter, the latter does not. The usual terminology which 
applies the same term (thrombokinase of Morawitz, thromboplastin of 
Howell) to both these substances is therefore misleading. The mode 
of action of these coagulant agents is at present being further investigated. 
. By adding appropriate amounts of calcium chloride to filtered oxalate _ 

plasma and removing the precipitate of calcium oxalate it is possible to 
obtain a fluid plasma which has the same composition as the circulating — 
plasma. Since such plasma can be freely handled in glass vessels without 


: undergoing coagulation, it may be found useful in experiments with 
| surviving organs and buen 
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The extraction and purification of tissue phosphatides. By . 
Hoa MACLEAN. (Preliminary communication.) — 


The separation of the different phosphatides has always been a matter 
of extreme difficulty owing to their generally similar solubilities in the 
ordinary fat solvents, and the fact that many of these substances are 
intersoluble. 

Formerly, the method of extraction of phosphatides consisted in 
treating the tissue or organ very thoroughly with alcohol and ether and 
precipitating the phosphatides by means ofacetone. The chief substance 
obtained by this method was the monamino-monophosphatide lecithin. 
In 1907 a paper by Erlandsen appeared in which he showed that heart 
tissue which had been dried and extracted with ether still contained a 
great deal of phosphatide which could be extracted on treating the tissue 
with alcohol. In connection with this, Erlandsen made the very im- 
portant statement that the chief phosphatide of the ether extract differed 
in constitution from that contained in the subsequent alcoholic extract, 
Since, however, the phosphatide of the alcoholic extract was found to be 
easily soluble in ether, the obvious explanation was that this substance 
existed in the tissue in the form of some combination—probably with 
protein. From this combination it was set free by alcohol. 

In these experiments the tissue was freed from microscopic fat as 
much as possible, minced and spread out in thin layers on a glass plate 
kept at a temperature of about 30°. The drying process was accelerated 
by means of a current of air generated by an electric fan. The dried 
substance was ground to a fine powder and extracted with several changes 
of ether, till little or no residue remained on evaporating the ether. 
The finely powdered tissue was then thoroughly extracted with alcohol 
and a substance obtained which was isolated as a cadmium-chloride 
compound. The N: P ratio of the different, —— obtained was as 
follows : 3 

N:P 
00 Lecithin 121 
(2) Cuorin | 
N: P 


extract (3) Diamino-monophosphatide 


In the course of investigation of some other tissues (horse kidney) oe 


I found that the phosphatides of the ether extract were lecithin and 


e 4 * — a * 
4 
; 
> 
* 
2 
. 
= 
* 
* 
- 
E.. 
>, 
* 
. 
OF 
— * 
~ 
E. 
CJ 
2 
ce 
1 
2 
. 
a 
19 
4 
on 
— 
— 
> 
ig 
— 
vy 


xiv PROCEEDINGS OF THE PHYSIOLOGICAL 


cuorin as described by Erlandsen for heart muscle, but that the phos- 
phatide of the alcohol extract contained very variable amounts of nitrogen 
and gave N: P ratios varying from 4:1 to 1˙5: 1. This suggested that 


the phosphatide present was probably contaminated by a substance or 


substances containing a high percentage of nitrogen, and that some light 
might be thrown on the nature of this phosphatide if it could be separated 
from this nitrogenous substance, ‘This impurity, however, gave almost 
all the ordinary reactions of phosphatides, so that all my earlier attempts 
entirely failed to effect a complete separation though material changes 


in the N:P ratio were in evidence. Finally, however, it was found that | 


repeated emulsification of the alcohol phosphatide mixture with water 


and precipitation by a small amount of acetone resulted in a purification 


of the phosphatide and on analysis it was found that the N: P ratio was 


the same as that of lecithin—1:1, The purified substance also gave 
all the ordinary lecithin reactions. Thus, in kidney, the phosphatide 


which comes out in alcohol after preliminary treatment with ether is of 
the same nature as the lecithin obtained in the ne ether 
extract monamino-monophosphatide. 


A very small amount of a diamino-monophosphatide was found in 4 


horse kidney, but it differed entirely in composition and in its general 
physical and chemical characters from the diamino-monophosphatide 
described by Erlandsen in ox heart muscle, Somewhat similar results 
were obtained in the investigation of horse flesh ; here, as in kidney, the 


major part of the alcoholic extract was found to consist of a monamino- : 


monophosphatide. 
In view of the statements that have been made with regard to the 


curative effect of lecithin in birds suffering from polyneuritis (beri-beri), 


it is interesting to note that purified lecithin produces little improvement, 
whereas the substance with which the lecithin of the alcoholic extract is 


contaminated has very marked curative properties. It is probable that 


the explanation of the alleged curative effect of lecithin in cases of beri- 
beri depends on the presence of this impurity. As this substance is 
exceedingly difficult to separate completely, it is obvious that the majority 
or all of the lecithins prepared in the ordinary way must have contained 


the Biochemical Journal. 


more or less of it. A full account of the C aS 
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5 On the presence of ganglion cells in the roots of IIT, IV and 
Vi cranial nerves. By F. M. Tozn. 


In the attempt to discover the source of the afferent nerve fibres 
present in the III, IV and VI cranial nerves it has been found 7 : 
to examine the emerging rootlets of these nerves. 

In 1887 R. Thomsen! noted the presence of peculiar patches of 
tissue in the roots of the cranial nerves of man. He observed these in 
III, VI and VII but could not find them in IV. These patches he 
regards as altered ganglion cells. He bases this conclusion on the 
discovery of encapsulated nerve cells in the roots of the oculomotor of a 
new born child and of stages intermediate in appearance between a 
normal cell and a patch” (Heerd), in other material. He infers that 
the change from cells to patches takes place at an early period since he 
finds the latter only in the III of a child of four years. Gaskell“ finds 
these patches (fibrillar tissue), in III, VI, VII and also IV; he regards 
them as degenerated ganglia. 

The evidence produced in 1894* and verified in 1910“ that the 
sensory fibres found in large numbers at tendon-muscle junction in the 
eye muscles degenerate on section of III, IV and VI, but remain unaffected 
by section of the first division of V peripheral to Gasserian ganglion, 
raises a problem still unanswered. | 
It was thought that some of the large globular cells of the mesen- 
cephalic V root might prove to be the source of these afferents, but this 
idea must I think be given up. I have been unable to prove the presence 
of chromatolytic changes after section of III or IV in these cells (section 
of VI alone has not been attempted), whereas my experience is in 
agreement with May and Horsley that they do occur most markedly 
throughout the mesencephalic root after section of V roots proximal to 
Gasserian ganglion’. 
im Macacus rhesus (young: animals), I find Thomsen and Gaskell’s 

fibrillar tissue demonstrable in the roots of III as a band surrounding 
the nerve bundles or as small patches. In the same animal I also find 

normal encapsulated nerve cells in the roots of III and VI between their 
‘exit from the brain and their passage through the dura. ) 

B. Thomsen. Virchow’s Archiv, 1887. 

2 W. H. Gaskell. Jour. of Physiol., x. 1889. 

* C. 8. Sherrington. Physiol. Soc. Proc., June 1894; Roy. Proe., 1897. 
Roy. Soc. rv. 1898. 


F. M. Toner and 0, S. Sherrington. Roy. Soc. ‘Poets B. xn. 1910. 
5 Otto May and Sir Victor Horsley. Brain, part 180. 1910. 
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Examination of the III roots of six monkeys reveals these cells i in 


the following numbers: 
@) Lr} Lr | © 
16 4 0 6 27 2% 


Examination of IV riot: case (B) no cells seen. 
Examination of VI roots; (B) left 78; right not counted. (F) left 


9; right 34. In bird, pigeon, 9 cells were seen in one TIT root, 4 in | 


another. 


In fish, Teleost (Gadus virens), one example, 80 cells were counted 


in one III root; 30 in IV and 32 and 39 in VL 


The numbers are greatest in VI (B) and III (E), there the cells are 


mostly found not in the roots themselves but in connective tissue between 


or near the roots, in other cases the majority of the cells are embedded 


in the roots. The position of these nerve cells outside the main bundles 
of the nerves is of interest since it does not quite correspond with the 
position of Thomsen’s patches or Gaskell’s degenerated ganglion. 


In material where III has been cut altered cells, ie. cells showing 
chromatolytic change due to axone severance, have been found ((D) left 


entirely, right partly cut; (E) left, and (F) left), but in only one such 
case (F) has a reliable count been possible. In this the nerve was cut 
just proximal to where it passes through the dura leaving a stump of 
several millimetres attached to the brain and in this stump the altered 


cells were found. In other cases the lesion was made by pulling upon 


the nerve with a blunt hook between the place where the roots issue 
and their passage into the dura and the place of rupture occurred 


immediately at the point of emergence of the roots. Where this 


occurred the cells would be in that part of the nerve peripheral to the 
lesion and their presence would furnish a reasonable explanation for a 
few, four or five, sensory endings, which my observations confirm 


Harrison's in finding’, persist occasionally after section of IIT in those 
eye muscles supplied by III. 


The great variation in the numbers of these cells renders an ex- 


_ planation of their nature and function at present impossible. The cells 


in Gadus are possibly sufficiently numerous to represent the source of 


the afferent fibres since the III contains roughly only about 800 fibres, 


but in Macacus the number of these cells seems to abe insufficient to do 
this. 


above. 
1 P. W. Harrison. 


— 


- Prof. Sherrington has monly performed the operations referred to 
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Note upon the movements of progression in man. By 
T. Granam Brown. 


The swinging of the arms during the action of walking in man is 
a phenomenon of some interest. The arms are swung in such a manner 
that the arm of one side moves forward synchronously with the lower 
limb of the opposite side. It is possible, but not easy, to swing the arms 
in the opposite manner—that is, in such a manner that one arm 
advances with the lower limb of the same side. It is, however, not 
possible to keep up this unnatural rhythm for long; and this is 
especially the case after a long walk. It is then found that the 
attention is not concentrated for long upon the maintenance of the 
unnatural relationship of movement, and unconsciously the arms pass | 
back to their ordinary type of swing. 
The swinging of the arms in man, in fact, bears the same relation to 
the movements of the lower limbs as do the movements of the fore to 
the bind limbs in the running dog—progression of diagonal synchron- 
ism. The arm movements are active movements conditioned by the 
activity of the central nervous system, and the fact that it is so diffi- 
cult to change the relation of their movements to those of the lower 
limbs strongly suggests that the arm movements are a vestige of a 
former four-limbed progression in man—that the arm and lower limb 
centres are linked in a manner similar to the linking in some quad- 
rupeds. . 
The difficulty of the attention upon an 
unnatural rhythm of the arms, and the tendency for the rhythm 
unconsciously to revert to the normal, strongly resemble the similar 
phenomena to be observed in the case of voluntary breathing. It is 
impossible to avoid the suggestion that, as regards these phenomena, 
_ there is a resemblance between the central mechanisms which subserve 
- respiration and the rhythmic act of progression; and that they are 
controlled in similar manners from the cortex cerebri. But an essential 
difference is the greater cortical control of progression and the inter- 
mittent character of the phenomenon as — with the continuous 
e act of respiration. 
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on en- By MACURAN. 


In 1910 Dunham and Jacobson isolated from ox kidney a 8 
which they named carnaubon. This substance was stated to be a 
triamino-monophosphatide in which the glycerol radicle was substituted 
by galactose. In my experiments on horse kidney a similar substance 
was obtained, which, when purified in the manner described in the 


foregoing paper, gave a N: P ratio of 2:1. It had all the properties of 
carnaubon and after boiling with weak mineral acid reduced Fehlings 
solution. Three different samples were prepared and in each case the 
substance proved to be a diamino-monophosphatide. It is therefore 
probable that carnaubon is really not a triamino- but a diamibo- mono- 


phosphatide. A somewhat similar substance was isolated from egg yolk 
by Stern and Thierfelder. This substance did not reducé Fehling’s 
solution after boiling with mineral acids, but as only a very small amount 
Was isolated, and the reduction with carnaubon is not marked unless a 


fairly large amount is used, it is possible that this substance was the 


Same as the diamino-monophosphatide of horse kidney. In both cases 
the analyses are almost identical. There is also some evidence to show 


that the substances isolated by Thudicum and called by him apomyelin, 


sphingomyelin and amidomyelin were probably of the same nature as 
kidney diamino-monophosphatide. This point is at present being 
investigated and if substantiated will be of considerable value in N 


up certain anomalies i in the literature of - i ag 
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colour contrat F. W. 
MD, F. R. C. S. 


There is an experiment of Hering’ s! which appears in many text- 
books as conclusive evidence that the colour seen in simultaneous contrast 
is due to a definite retinal process distinct from direct stimulation by 
igh it. A grey stripe is situated at the bottom of a box. At a point 
slightly nearer the observer there is a small knob, This knob is viewed 
with the right eye through a red glass and with the left eye through a 
blue glass. Two distinct images are seen of the grey stripe; whilst. the 
red and blue will blend into a purple more or less complete each image 
will appear of a complementary colour to that on the side on which it 
is situated. 

As a matter of fact quite an opposite conclusion ought to be drawn 
from this experiment as the fact that the images do not fall on cor- 
. mae, points of the two retinas has been overlooked. The 

corresponding points of the other retina to the image on the blue side 

‘stimulated by red light whilst those corresponding to the image on 

red side are stimulated by blue light so that there is no reason why 
they should both appear complementary to purple. On my theory of 
colour vision they should appear the colours which are actually seen. 
For instance, if we take the image seen through the blue glass and 
which appears yellow, it appears yellow because the white light 
reflected from the front of the glass is relatively yellow in comparison 


1 Zeitech. fr Psychol, und Physiol. der Sinnesorg. Bd. L. 8. 18. 1890. 
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to the light which is coming through the blue glass. White light may 
be considered as blue light plus the remaining rays which together 


make a yellow. If therefore the colours seen in simultaneous contrast 
be due to.the exaggerated perception of relative difference, the white 
light should appear yellow. The colour seen is reddish yellow on 
account of the red light falling on the corresponding points of the other 
retina, When this experiment is repeated so that no light is reflected 


from the front of the coloured glasses the image seen with the right eye 
through the red glass appears blue and that with the left eye through | 
the blue glass red. If there be no white light reflected from the front 
of a coloured glass and the image be viewed with one eye only it will 


appear black. This shows conclusively that the contrast colour is due to 
the white light and is not induced in the-retina. 


The following simple experiment shows that the colour in simul- | 
taneous contrast is due to the perception of relative difference and not 


to the induction of. colour in a region of the retina. which is not 
stimulated by light. If coloured light be projected by a lantern on to 
a white screen and a small opaque object be placed so that a shadow is 
. thrown upon the ‘seréen no colour will be seen in this shadow unless 


stray light be teflected by the portion of the screen odeupied by the 
shadow. If now the region of the soreen in which: the shadow is 


situated be illuminated by another light it will appear ooloured and the 
colour’ which differs most relatively from that surrounding it. If a 
piece of black velvet be placed in the centre of the colour on the screen 
it will still ‘lack a trace of the colour. 


meet of | afrenniin on the pulmonary ctroulation. 
E M. TRIBE, Preliminary oommunication.) 


The experiments were commenced with the ides of 3 


5 Possible variation in the action of adrenalin on the lung vessels of 


rent classes of animals, and were performed on rabbits, rats, guinea- 
pigs, pigeons, snakes, tortoises and frogs. The method first adopted was 


that of perfusing the excised lung with Locke’s solution at a constant 


pressure, and a graphic record of the outflow was taken. The adrénalin 
used was Parke-Davis's adrenalin chloride solution, 1. 1000 in normal 
saline, with 0·5 / chloretone as a ‘preservative. The effect of the drug 


was found to be the same in all the animals experimented on, vin a Poa 
distinct, but not intense, dilatation. This agreed with the results 
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obtained in 1904 by Brodie and Dixon on thé cat's lung and the 
question therefore ‘arose as to why the later ‘results of Wiggers and 
others should be exactly opposite. Wiggers used a somewhat similar 
method of saline perfusion, but obtained constriction. It. was noted 

that the drug be employed was not the adrenalin chloride preparation 
used * Brodie and Dixon, but Parké-Davis's crystalline “ Adre- 
nalin,” thus obviating intermixture with a preservative. The effect of 
this preparation was therefore investigated, and it was found: that a 
marked cotistriction almost invariably resulted, -A sharp contrast to 
the constant dilatation previously obtained with the adrenalin chloride 
preparation. The exceptions were found to be in experiments where 
the lungs had been kept at room not body temperature, thus con- 
firming the statement of O. B. Meyer that adrenalin will not act at low 
temperatures. ‘Extracts of suprarenal glands, both dried and fresh, and 
solutions of Burroughs: and: Wellcome's preparation Hemisine were 
found to give same resales, constriction 


perature. 

48 a: further test, thie method: in 1004 
by Brodie and Dixon was also used. By means of a pump, an 
artificial circulation of defibrinated blood is maintained through the 
lung “in situ,” and the variations in outflow from the pulmonary vein 
recorded. Experiments were performed in this way on nearly thirty 
cats, and the results confirmed those obtained with saline perfusion. 
The extracts and solutions to be injected were made sometimes with 
saline, but more usually, and preferably, with defibrinated blood. 
Adrenalin, ebloride (containing chloretone) was found to give an invariable 
dilatation, while the crystalline.“ Adrenalin caused a marked con- 
_ striction, Extracts of suprarenal glands and solutions of “Hemisine” 
made with defibrinated blood caused constriction, though the effect of 
saline. extracts of the same was not so marked. With some of these 
extracts the constriction was followed by a marked dilatation, which 
sometimes even exceeded the constriction’ in amount; but with the 
a adrenalin chloride preparation no constriotion was obtained | in a single 
instance. Temperature was found to be equally important in these 
blood - perfused lungs, since if the temperature were allowed to fall below 
that of the body the results became erratic, and at room temperature 
might even be reversed, To keep the temperature up to normal the 
animal was immersed in a bath of saline at 3738 C., the circulating 
blood was warmed in the reservoir before ns to the lead and all 
W were warmed previous. to injection. 
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From these experiments therefore it would seem that the conflicting: 
saul of previous workers may have been due to the use of different 
_ preparations of adrenalin. The true effect of suprarenal extract upon 
the lung vessels appears to be a distinct constriction, though the slight- 
ness of the effect compared with that seen in the case of e.g. the intestinal 
vessels makes it doubtful e the structures affected are the same 
in the two instances. 


A few experiments have it performed with a view to l 
the cause of the difference of action of the two preparations adrenalin 
and: “adrenalin chloride.” Sufficient work has not yet been done to 


allow definite conclusions to be drawn, but the results tend to suggest 


that the chloretone is an important factor in producing the dilator effect 


of the latter preparation. In any case the main question as to the 

existence of vaso-motor nerves in the lungs is still undecided, since it 
is doubtful if the constriction obtained in the lung vessels is com- 
parable to that in organs known to possess vaso-motor nerves, where a 
violent constriction is obtained with minute amounts of even the 


˙ in human blood during 


Sa By J. B. S. HALDANE. 


“In a former paper’ it was shown by Douglas, Haldane and Ve | 


that the dissociation curve of oxyhsmoglobin in blood is altered by the 
presence of a constant percentage of carboxylhsemoglobin. The altered 
curves are here given for human blood in presence of 40 mm. pressure 


of CO,. In each case 100% represents complete saturation with O, of 


the hzamoglobin uncombined with CO. 
From the equation for the dissociation curve of oxyhsmoglobin in 
human blood, in presence of 40 mm. pressure of CO, and the fact that 


at 38°C. the ratio of the volumes of CO and O, absorbed is proportional 
to that of their — pressures, the curves may be calculated as | 


follows: 


„ „ fraction of the total hemoglobin combined with O,. 
Theor, 


| 1 Journ, of Physiol. 3 1912, 
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22. 


8 8 


of d. in % of an atmmosphere 
Carve I, % saturation with OO; II, 100% TIT, 25%); IV, 60%; v. 75%» 


The following example illustrates the physiological meaning of these 
curves. If 4 has half his hemoglobin combined with CO, while B is 
- gnemic, and has half A’s percentage of hemoglobin in his blood, then, 
_ though each has the same amount of hemoglobin available for oxidation, 
yet A’s oxyhemoglobin dissociates. along curve IV, Fs along curve I. 
If the O, tension in the arterial blood of each is 13% of an atmosphere, 
or 99 mm., A’s blood is only about 1% more saturated with O,, while if 
the hemoglobin in the venous blood of each is 65% saturated, the O, 
tension in A’s veins is only 3˙5 /, or 266 mm., while in Fs it is 5°8°/,, 
or 441 mm. It can thus be understood why, for the same O, con- 
sumption, if their circulation rates are the same, B is quite normal, 
while A is hardly able to walk. His venous O, tension is what Be 
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would be (for the same O, cohsumption) if ‘his arterial blood had only 
ret hed 50 mm. pressure of O,. On the other hand, at this tension, 
1.6. for the same symptome,, 4 has a large. amount of O, (65% of the 
total available) still in reserve, while B has only 41 %, and is therefore 
nearer the danger point. For 75% saturation it is obvious that the 
available heemoglobin is at first still more tenacious of its O,, but after 
a tension of about 15 mm. is reached, and the man is comatose, an 
enough O, comes off to keep him alive. 


This agrees with the observed fact that 50°/, saturation with CO is 


a serious condition, higher saturations producing coma, The comatose 
stage is longer, and death less sudden in CO poisoning than in asphyxia 


from simple O, want, because at low tensions more O, is 1 a aa 5 
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The biochemical synthesis of fatty- 3 
hydrate. BY IDA SMEDLEY. | 


— 


‘Two alternative suggestions have been on focwand i as to the method 
be which fatty acids may be formed in the animal organism from carbo- 
hydrate; (1) that these acids are formed by condensation of sugar 
molecules with subsequent reduction and oxidation; thus by con- 
densation of two pentose. and oue hexose molecules, the precursor of 
palmitic acid would be formed, ; whilst from three hexose molecules 
stearic acid would be derived; (2) that the fatty acids are built up 
trom ‘simple decomposition products of the carbohydrates, condensation 
of some 2-carbon atom compound occurring in successive. stages. The 
presence in butter of fatty acids containing: all even numbers of carbon 
atoms from; 4 to 20 supports the second of these hypotheses, if the 
assumption be allowed that the butter acids are the results of a syn- 
thetic process. Nencki suggested acetaldehyde as the decomposition 
product of sugar which chain acids bya a series 
of aldol condensations 
CHOH . CH.. CHO —». CH, . CH.. CH. 
Against this view it has been urged that when the higher fatty 
aldehydes are condensed in vitro with ‘acetaldehyde; — — 
of atoms are formed: thus 
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a 


- Raper showed that aldol is capable of condensing with itself in 
alkaline solution to form a normal 8-carbon atom chain from which by 


subsequent oxidation and reduction normal caprylic acid may be obtained. 


I showed subsequently that crotonaldehyde behaves similarly: 


20H, .CHOH. OH,. CHO | 
= CH,. CHOH. ‘CH,. CHOH. CH, . CHOH. OH, CHO, 


As however neither the condensation of aldol nor of crotonaldehyde 

appeared to fulfil the conditions necessary to furnish an analogy wit 

the formation of fatty acids in the organism, I have now studied other 
methods of synthesising fatty acids which might afford more hopeful — 


analogies for biochemical syntheses. A satisfactory method has been 


found in the condensation of aldehydes with pyruvic acid which takes a 


place at ordinary temperature in dilute alkaline solution : 
RCHO + CH,CO.COOH = RCHOH.CH,.CO. COOH. 


The a keto acids formed are oxidised by Ag,O in alkaline en 
thus; 


RCHOH. CH, CO COOH +0=RCHOH. CH,. COOH OO. 
Benzaldehyde, butyl, crotonyl and isovaleryl aldehydes have been found 5 


to react in accordance with the above equations. 
Neuberg and, Hildesheimer have shown that pyruvic acid is 


fermented by yeast with production of acetaldehyde and CO,. It is 
possible that a similar enzyme exists within the liver-cell which splits _ 


up the a keto:acid into aldehyde and CO,, the aldehyde at once con- 
densing with a molecule of pyruvic acid to form a higher keto acid, 


_ which may either be oxidised by an oxidase to the fatty acid containing 


one carbon atom less (a process accomplished in vitro by the action of 


Ag,O) or may be again transformed by enzymes into an 1 
capable of reacting with another molecule of pyruvic acid. 
CH,CO. COOH = CH, CHO + CO, 
-CH,CHOH .CH,.CO. COOH +O -CH CH,COOH CO. | 


The displacement of the 8 hydroxyl group by a hydrogen atom would 


result in the formation of a saturated fatty acid containing two more . 


carbon atoms than the aldehyde from which it was formed. 


In support of the hypothesis now put forward the 1 points 55 


may be urged: 
(1) There is some evidence that pyruvic acid occurs in the animal 


organism as a product of Fellner bas 
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nie liver rich in glycogen be perfused with blood containing 
ammonia, alanin may be isolated from the product and pyruvic acid is 
suggested as the intermediate substance since Embden and Schmitz | 
have shown that ammonium pyruvate, perfused through the liver i is 
into alaninn 

) Knoop has shown that if ꝙ phenyl a amino butyric acid be 
fed to a dog, a considerable proportion of the acid appears in the urine. as 
its acetyl derivative; the same phenomenon was observed by Neubauer 
and Warburg in their perfusion experiments. There is some reason 
to believe that the acetylating agent may be pyruvic act (cf. 955 
Zuschr. physiol. Ohem. LxVII. (1910) 489 

(8) The production of fat from carbohydrate and from protein in 
the organism is explained if the substance condensing to form the fatty 
acid chains (pyruvic acid) occurs as a decomposition product. both of 
: carbohydrate and of protein. The formation of alanin from pyruvic acid 
in the animal organism has been established by the work of Knoop, 
Neubauer and Embden and his co-workers, whilst Neubauer has 
also shown the probable production of a keto acids from the amino 8 
of protein in the formation of fusel-oil by yeast. 
Neither pyruvic nor any other a keto acid has as yet been deisel 
in the tissues; their existence within the living cell as intermediate 

— of metabolim seems however — 


"he anaphylactic reaction inthe 
By H. H. DALE 

The anaphylactic condition has been variously ann to ‘the 
presence of “sessile receptors”, or to a circulating antibody, the union 
of which with its corresponding antigen leads to formation of a poisonous 
protein cleavage-product, (“apotoxin” or “anaphylatoxin”). Some 
have combined the two conceptions and located the production of the 
secondary poison in the cells. The similarity, between the action of 
various protein derivatives (peptone, protamines, histone, 8-iminazoly- 
lethylamine) and the “anaphylactic shock”, has been held to support 
the “parenteral digestion ” hypothesis. 


Schultz! found that excised portions of plain muscle (intestine), 
from sensitised to horse-serum, responded more 


f 1 Journ. of Pharm, and Eaper. Therap. 1. P. 649. 1910. 
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than similar preparations from ‘normal guinea-pigs; when horse- Serum 


was added to the Ringer's solution in which they were suspended. He 
added the serum in comparatively enormous doses (1 cic. to 10 cc, of 


Ritiger) 50 that the specific andphylactic response was confused with 


the stimulant action which all, and especially fresh sera, éxert on plain 
muscle, My experiments have been made with the isolated uterus of 
the virgin female guinea-pig, and the antigen has been added to the 


bath in doses always far below the limit of normal toxicity. Thie aterus 


from ‘an ‘anaphylactic guinea-pig contracts in response to minute doses’ 
of the specific antigen. Thus the uterus from a guinea-pig’ highly 
sensitised to horse-serum contracts distinctly when 1 part of the serum 
is added to 1 million of Ringer's solution, and maximally with 1 in 


100,000. ‘Prolonged preliminary perfusion with Ringer's solution, so as 


to remove all traces of blood, does not diminish this sensitiveness. The 
effect has no relation to the primary toxicity of the serum, ete, since 
purified proteins (such as horse “ globulin ” purified by Gibsons process, 
or egp-albumin crystallised by Hopkins method), which are practically 
inert ſor the normal plain musele, are as effective stimulants, of the 
muscle specifically sensitised to them, as are ‘normally toxic sera 


egg-white. The sensitised uterus which has responded to an effective 


maximal dose of the specific antigen, is thereafter. completely de- 
sensitised: but it can be resensitised by soaking‘ for two to three hours 


in 10 ½ serum from sensitised guinea-pigs. The uterus from a normal 


guinea-pig, perfused for five hours with 5°/, serum from guinea-pigs 
sensitive to horse-serum, and then washed thoroughly by perfusion with 


Ringer's solution, was found to have acquired sensitiveness to Berge 


serum. By a series of appropriately spaced injections a guinea-pig is 
rendered immune to horse-serum : but its blood-free plain muscle is 
found to be. highly sensitive to the serum, and its. serum can confer 
sensitiveness on the plain muscle of othér guinea-pigs. These observa- 


tions accord with the view which: attributes protective or sensitising 5 


properties to the antibody, according to its respective preponderance in 
the circulation or the body cells (in this case the plain muscle, cells), 
The. time- relations of the. effect seem to me to exclude the production 
of a, poison by, parenteral digestion, for the contraction may begin within 
10 after addition of the antigen to the bath, and subsides in a ‘few 
minutes. The antigen acts, in fact, on the sensitised plain muscle, 
like an ordinary stimulant drug, the peculiar feature being that the 
«receptive substance” (the antibody) is detachable and ‘transferable, so 

that the nature of its relation to the drug (the antigen) can be studied 
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in There is much evidence in favour of identifying the 

phylactic antibody with “ precipitin“, and this may furnish the elue, 

not merely to the meaning of the anaphylactic condition, but to the 
mode of action of the various substances rice n * re- 


("Phe sensation of yellow. ‘By K 


“It i is known that ‘the formation of yellow by the addition of wala 
light to green can be perfectly matched with a monochromatic yellow. to 
Which a small quantity of white light has been added, and that by no 
process other than that of spectral analysis is the eye able to differentiate 
between the two or to trace the colours of the rays of which the compound 
yellow is formed. Under certain circumstances, ¢g., when the bright 
filaments of an. electric lamp are examined through a light filter 
transmitting this compound yellow, the chromatic difference of focus 
of the eye for the two rays is sufficient to indicate their presence, but 
this is equivalent to spectral analysis since the process takes lace 
before the rays have had aceess to the retinal mechanism. 
An explanation of the formation of yellow from a mixture of red 
and green light is obtained on the trichromatic theory, by consi ering 
| the monochromatic yellow as ‘stimulating a red and a green sensory 
mechanism; in fact as setting up the same retinal processes as those 
‘aroused by a mixture of red and green. But when for any reasons the 
‘trichromatic theory can no peer be held, then dons explanation has 
4 be sought. 
spectral region G- 6600 4. v. to x= 5600 4. v.) be matched with a yellow oompορD⁰unðĩdα¹ 
of red (A= 7400 A. v. to X- 6900 A. v.) and green (A 5500 4. u. to 5100 K. v.) of. suitable 
intensity, it will be found that an almost perfect match may be obtained between the 
two; the monochromatic yellow is however slightly more saturated, which may be 
remedied by the addition of a small quantity of white light. | a 


4 Exe. la. By drawizig on mathematicel paper two sine curves of equal amplitude, 
‘which have periods corresponding approximately to the mean wave lengths ‘of red and 
green components of the compound yellow’ formed above, it will be found that their 
(gumimation: gives a curve which approximates closely to a. sing curve of wave length 
4200 4 U. This shows beats ocourring every 20, 000 4. v.; at the nodes the amplitude is 
almost zero whereas at the antinodes it is nearly double that of either of the curves, of 
Which it was ¢ompounded. By compounding @ red and green wave motion one his 
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The inference to be drawn from Exps. 1 and 14 is that the 


fusion of red and green to form yellow is due to a physical process, 
which takes place quite independently of the retinal mechanism, by the 
stimulation of which the final sensation is produced. ; 

rr. 2. 
yellow, or decreasing that of the green, it is found that the colour becomes more orange. 
It may similarly be made more greenish by either decreasing the intensity of the red or 
increasing that of the green. 


Exe. 2a, By giving different values to the amplitudes of the curves corresponding to 
the red and green waves it is found that similar changes take place in the combined wave, 
viz., as the ratio of the amplitudes of the red and green waves increases the wave length of 


the combined wave becomes shorter. 


One infers from Exps. 2 and 2a that the relative intensities of the : 
rays (amplitudes of the waves) determine the length of the wave, and 


therefore the colour which the combined wave motion shall have, 


Attention has been directed in Exp. 1a to the fact that the combined 
wave motion exhibits beats that occur every 20,000 A. U. It is found 


that changing the intensities of the combining waves does not alter the 
period of the beats but does change their amplitude, In fact the 


amplitude is found to be greatest when the amplitudes of the combining 
waves are equal, and that it decreases in either direction as the cual . 


tude of one or other component predominates. 


Ir. 3. Ifa diffraction grating be taken P 


the normal to the grating surface 80 as to produce two reversed overlapping spectra, of 


‘which the wave length X= 6000 K. v. corresponds, then it will be found that the pairs 


of colours fuse to form a yellow, which is most saturated at about A 6000 but which 
becomes more and more diluted with white light as the difference between the lengths of 


the constituent waves increases. A point may be indicated where the waves have become 


complementary, the result being a more or less pure white. Beyond this point the white 


‘the ends of the spectra are reached .. 
xx. Ba, By choosing several pairs of waves of different length which when combined 


give wave motion 


in wave length of the units of each pair, the quicker becomes the period of the beats. 


The inference to be drawn from these two experiments is that the , 
period of the beats determine the amount of white light with whieh: she ; 


compound yellow appears to be diluted. | 
By repeating the above experiments in other regions of the spectrum 


it may be shown that the above description is also true for these. The 
observation suggests that in the case of certain pairs of polonre 3 5 


resulting sensation may be explained on a purely 
Bheinburg, Quekett Journal, Nov. 1900. 
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| at Frictionless Tracing Point. By W. M. 


Some years ago I showed at a Meeting of the Physiological Society — 
a tracing point of a pattern such as to diminish friction as far as possible. 
Although this device was described in the 8rd edition of Stirling’s 
Practical Physiology (p. 270), it has not been utilized so much as, 
I think, it deserves. In the laboratories at University College it is 
frequently of service and for class-work, especially with the frog’s 2 98 
it has shown itself almost indispensable. 
Tue original form is a little troublesome to make and takes too much 
time if required in considerable numbers, It will, therefore, be useful 
to describe the method which I use at the present time. The tracing 
points made in this way are little, if at all, inferior to the old oe 

and are very quickly os uin made. 


, 


Take two strips of thin gummed paper, of length according to the 
number of tracing points wanted, each strip having one edge straight. 
Pin these, gummed side upwards, on a piece of wood, the straight edges 
opposite one another with an interval between them of about 2 mm. 
Moisten the gummed surfaces and press on to them a strip of peritoneal 
membrane or gold beaters’ skin (shaded in the figure) so as to bridge 
across the gap and formahinge. Then take two more strips of gummed 
paper similar to the first but rather shorter, moisten them and place 
them, gummed side downwards, over the first strips so that the straight 
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edges coincide. The object of the double paper is to avoid curling when 


dry. It also serves to clip more securely the thin membrane. Allow 
thé whole to dry, best between blotting paper, under weight. When 


dry, cut out with scissors the tracing points themselves, as indicated bp 


the dotted lines in the upper figure. They should be of about 1 cm. 


in the widest part, so as to give sufficient rigidity i in théir direction of : 


movement. Bend them, ree dotted line in the lower figure, to an 
. angle of about 120° and atta 

of. similar cement, . 

There is no necessity for a fine adjustment to the lever if these 


tracing points are used, since the membrane is sufficiently : flexible to 
ort vent more than a minimal pressure on the smoked — while 1 


being Stiff to remove the smoke 


Some points on excttation’and contraction in muscle „ 


W. BukRIDdxk. 


The diagrams shown on p. xxxiii were ‘exhibited’ to the 88 


a the Oxford meetings in 1911 and 1912. asc: are inserted ogi for 
purposes of future reference. 


Fach upstroke in the diagram is supposed to represent the en- 
traction of the gastrocnemius muscle in response to its excitation by ; 


3 eingle induced shock, or the beats of the ventricle. 
The series of tracings obtained by recording the contractions of the 
W or those of the gastrocnemius muscle under the circumstances 


mentioned above, while various substances were being perfused were f 


the two types shown. They were determined by the behaviour of the 
base line from which the individual contractions started. 


In the first type, or group, the base line remained approximately _ 
constant, and the contractions of the muscle grew gradually less until it : 
finally no longer contracted in response to the exciting agent employed. 5 
When, however, the gastrocnemius muscle had been brought into this 


- condition: of irresponsiveness to induced shocks, or the heart had been 
stopped with the ventricle in the dilated condition, it was found possible 
to cause these muscles to ‘shorten by various agencies (potassium salts, 
eto) and to an extent equal to the amount of shortening obtained in 
me fresh, muscle with the more usual methods (induced shocks, ete.) . 
-“The:second group of actions (Fig..2) was determined by an inpivasd 


to the end of the straw by, Prout glus 
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starts, the typical picture presented being that of ‘stoppage of the heart 
in systole. Thiere are two modes of such contraction which are dis- 
tinguished by the after effects. The muscle readily relaxes in the one 
cass and the whole process is capable of repetition. In the heart the 
extent of the spontaneous beats of thé ventriclé was not found to be 
diminished as a result of the production of this mode of contraction 
(oontraction effect) More usually the: contrattions: 
by this process) rep 
The other mode of contraction, the “rigor was 
eee of being produced in its entirety once. Its production never: 
resulted in any improvement of contraction but always the reverse, 
the amount of impairment of ‘contractile: power as tested by induced 
shocks or the spontaneous beats of. the ventricle being roughly pro- 
W to the extent of the “rigor contraction.” | | 


11 either the contraction effect or rigor contraction were “ 
it was not found possible to add a “ potassium contraction effect” 
the contraction already produced. The impairment of the e . 
contractions of the heart following the induction of a “ rigor contraction 
was also accompanied by a corresponding decrease in the amount of. 
contraction elicitable by potassium salts. The contraction effect, except 
_ during its actual production, did not result in any decrease in the extent 
of the contraction that might be produced by such agencies as kee oom 
salts. 
I be series of dotted lines in Fig. 1 indicate a reduction of the height 
of the contractions of the ventricle to a constant level. This also does 
not interfere with the contraction to be obtained with potassium salts. 
The dotted lines of Fig. 2 indicate an incomplete “ rigor contraction.” 
Actions of the first group and the “contraction effect” are capable in 
the heart of enormous variation under the influence of the salts of calcium 
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and potassium. By their use a substance normally producing s on- 


traction effect” when in sufficient concentration may have its action 


pai to stoppage in diastole or vice versa. The two sets of effects 
are thereby shown to be intimately connected, but at the same time 
they are capable of differentiation. 


In every case examined a substance capable of 8 u Con- 
traction effect and present in sufficient concentration to do so could be 
made to stop the heart in the dilated condition first and the contraction 
made to appear subsequently. Calcium salts are more particularly — 


involved in the first process and those of potassium in the second. 
But if the mode of failure of a muscle be of the character suggested 


by the first figure of the Se ee 
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‘Tue delayed eat-prodnotion of muscles stimulated in 


Tuo years ago’ I attempted to ce that part of the nn 
| of an active muscle may be delayed until after the mechanical response 
is complete. The Blix thermo-galvanometer with which this fact was 
discovered was unsatisfactory for a further investigation owing (1) to 
its low sensitivity, (2) to its unsuitability for more than one type of 
muscle, (3) to the slow movements and comparatively undamped oscil- 
lations of its magnet-system, and (4) to the large size and consequent 
high heat capacity of the thermopile, which followed. only slowly the 
temperature changes of the muscle. For these reasons I have designed, 
and now use, a more complicated apparatus consisting (a) of a large 
muscle chamber, capable of containing muscles for four experiments at 
one time, and carefully guarded against temperature variations, (5) a 
resistance box to vary the currents, with copper screw-shunts to avoid 
thermo-electric errors on touching it, (c) a complete copper ‘circuit to 
(d) the galvanometer, a highly sensitive instrument of rapid period and 
completely damped movement, and (e) a set of variously sized and 
shaped thermopiles, of from 10 to 50 pairs of junctions of extremely 
fine (01 mm.) constantan and iron wire, shellaced, of very high Eu. r. 
per 1 C., of about 10 ohms resistance, and of very low heat capacity. 
. be made to fit any muscle, or muscle R 
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desired, and readings can be carried out with ease to 10% C. If 
necessary readings can be carried out to 10 C. The galvanometer, 
privately made in Tübingen, I owe to the kindness of Prof. Paschen. 
Its very light magnet system and its excellent mirror (total 5 mgr.), 
its high sensitivity and its very rapid aR movements, render it ideal 
for these experiments 


The procedure has been as billows: “The course of the galvanometer 


_ deflection caused by stimulating a muscle for a. short or a long period 
has been obtained and plotted graphically with respect to the time: 
this curve has been compared with a control consisting of the deflection 
caused by warming electtically the same ‘muscle after death, in the same 


position, on the same thermopile and for the same period. It is 
- uniformly found that, whether for a single shock or for a tetanus, the 


galvanometer returns to its zero much more slowly for a fresh live 


muscle in oxygen, than for either (a) a fatigued live muscle in oxygen, 


(6) a fresh live muscle in nitrogen, or (c) a dead muscle warmed by 


a strong “tetanus” for the same period. The only conceivable explana- 


tion of these facts is that a large part of the heat is liberated considerably 


after the contraction is over, say for two or three minutes or more. This 


degradation of energy presumably occurs in the replacement or removal 
of lactic acid, and in other recovery processes: for it never occurs in the 
complete absence of oxygen. The curve of cooling of the dead muscle, 
which cooling is purely physical, is a simple exponential one: from this 


we can calculate a constant of heat loss, and using this on the curves of 


deflection of the live muscle we obtain the true curves of heat-production 
of the latter. It can be shown that from 20% (in single twitches) to 
40% (in 1 sec. tetanus) of the total H. b. of a contraction occurs in the 
period between the moments 7 sec. and 3 min. after stimulation. At 
least 40% therefore, probably more, of the total H. p. of an active muscle 
in O, occurs in recovery processes,—presumably in the oxidative removal 


of the lactic acid liberated during contraction. This action of oxygen is 


very rapid: a large recovery heat-production takes place after only 
20 minutes in oxygen. After several preliminary stimulations there is 
a much smaller recovery heat-production, no doubt because all the 
available oxygen has been used up in the preliminary recovery 


The bearing of ‘hase facts, both on the physiology of fatigue and on 


theories of contraction is obvious: and in connexion with estimates of 


_ the mechanical efficiency of isolated muscles, it should be noted that 
these must be too high: for either recovery never occurred at all in 


iy 
* 


8 
i 
t 
8 
> 
2 
7 
2 
is 
* 
2 
E. 
Z 
* 
4 
* 


. 


— 


‘salts were used. 


DEC. 14, 1912. 


which case the process was not complete, or if recovery did occur the 
heat-production thereof was so late that it never affected the maximum 


- deflection of the galvanometer, which was therefore 30 to 40% too small. 


It may be possible to determine how far certain agencies or drugs, 


other than O,, affect the delayed heat-production and ‘its time relations: 


and whether the heat liberated by an excited muscle entirely without 
oxygen, is due solely to the breaking off of lactic acid from its precursor, 
the heat energy of which reaction we know already from experiments 
on rigor. With slower moving tissues, such eg. as the tortoise’s heart, 
it may be possible to determine even more e — extent of - | 
delayed energy liberation. | 


2 | Nicotine and calcium salts. By W. Bunnipox. | 


Contractions have been described as produced by immersion of the 
gastrocnemius in salts of sodium which precipitate calcium (Loeb, 
Zoethont), but there are few observations for the sartorius muscle 
(Zenneck). 

Experiments have been carried out by placing sartorius muscles of 


the frog in isotonic solutions of sodium oxalate, sulphate, fluoride, pyro- 


phosphate and citrate. Each of these salts produced a slow tonic — 


contraction in the sartorius muscle. Three varieties of tonic contraction 

might be distinguished, the small, medium and large. The medium 
contraction was similar to that given by 01% nicotine and the large 
contraction similar to that given by 1% nicotine. 


The tonic contractions produced by these salts and those produced 


by nicotine take place in the same structures. 


These tonic contractions appear to be due to precipitation of calcium 
only, since the salts of potassium which precipitate calcium or render 
it non-ionised gave this tonic contraction. The same salt produced 
a small, medium or large contraction in different muscles but a general 


tendency was distinguished. The sulphate and fluoride tended to 


produce the large tonic contraction; the oxalate, any type; the acid 
citrate and pyrophosphate, the medium or small; the neutral citrate, | 
the large contraction. 

One difference from the action of 1°/, nicotine was that the oon- 
tractions produced by the sodium salts, with one exception, were 
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After treatment of muscles with these salts, 1°/, nicotine no longer 
ae its typical tonic contraction. In some cases a very small 


shortening followed such treatment, but the same also followed exposure 
to air or Ringer (contact irritability). The nicotine rigor contraction 
was not, however, affected. A 1% solution of lactic acid could also 


cause the muscle to shorten. 


The Influence of Dears 
| Langley showed that curare might abolish the . and 


{ 


contraction produced by 01% nicotine and increase the amount 


W rise to be obtained by use of a 1% solution. 


Fig. 1. . isotonic 

neutral sodium citrate. C=curarised muscle. It was placed in 0-2 curare 3 hr. 
An extra tracing was taken of curarised muscle. A 


sodium sulphate. Quick twitches are abolished by curare. 


(air) also shown. 


The influence of curare on the tonic contraction 


er of sodium has been investigated by comparing the shortenings 


obtained from opposite muscles of the same frog, one of which had been 
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placed in a solution of curare and the other in “Ringer.” Sometimes 
the control muscle was examined immediately without exposure to 
“Ringer.” In every experiment in which the oxalate, fluoride, pyro- 
_ phosphate or sulphate was used, the height of the tonic contraction 
was increased by previous immersion of the muscle in curare solution. 
There might, however, be some antagonism in the case of acid 
sodium citrate. } 
The twitchings were greatly, modified tending to be replaced by 
‘movements of a more prolonged character as may be seen above, or 
they might be abolish | 
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January 18, 1913, 


(Nutrition of the embryonic chick. Part I. The absorp- 
tion of egg-white. By H. W. Bywarenrs. 


The changes occurring in the white of the egg during incubation have 


been quantitatively determined with the object of obtaining information 
as to the manner in which the white becomes absorbed and assimilated © 
by the developing chick. The percentage of water diminishes at a 


regular rate during the earlier period of incubation, falling less regularly 
after the 15th day. The proteins are not absorbed as quickly as the 
water, and consequently the egg-white becomes more and more con- 


| centrated till it reaches an almost solid state. 


During incubation the ratio of coagulable to uncoagulable protein 
(ovomucoid) remains practically constant, ¢.g. no preferential absorption 


of uncoagulable protein appears to take place. The following table 
; gies the results in one series of experiments. 


Relation betwoon coagulable and uncoagulable protein in ogg-white 
after diferent periods of incubation (fertile 


N per — pet 
1-62 0:27 6:0 
1 166 0°26 6˙5 
„„ 6-1 
7 481 968 
1 8:18 
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Ali 


The amount of free sugar rapidly falls off, and at the end of 7 days 


the whole of it has usually disappeared. This contrasts markedly with 


what occurs with unfertile eggs. Here no loss of free sugar is notice- 
able; on the contrary, owing to the loss of water, the percentage of 


sugar tends to increase. 


Corresponding with the observed constancy of relation between 
coagulable and uncoagulable protein, a parallelism is found. between. 
the uncoagulable protein and the carbohydrate ‘contained in it. No. 
evidence of a preliminary cleavage of the — 8 ee 0 


Amount of free the white of (0) forte, 
eggs after different periods of incubation. 


Percentage of free sugar (glucose) in the white of 


4 


049 

„ 
10 0-78 


Uncoagulable protein 4 7 


we work is being continued... 


to uncoagulable protein Ratio 
100 8. egg-white 
0 ˙40 


0-76 
— 


0˙35 

035 

„„ 

0-42. 
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the neck clement in the production of postural apna in 
auch. By D. Paton. (Preliminary communication) . 


‘(From the Physiological Laboratory, University of Glasgow.) 
Ata meeting of this Society in May 1912, Dr F. M. 8 


e in decerebrated ducks the production of a postural-reflex 
. apnoea, The apnoea is produced (1) in the diving posture, (2) when 
the vertex of the head is directed downwards, (3) when the neck is 


extended or hyperextended, the duck being upon its back. Removal of 
the labyrinths does not always abolish the reflex, and in some cases it 
allows of its manifestation in the prone position of the animal in which 
it does not occur with the labyrinths intact. From these results the 
conclusion was drawn that two receptor mechanisms are involved: 
(1) the labyrinths and (2) a proprioceptive mechanism in the neck 
stimulated by extension but subordinate to the former’. 

In a series of papers more recently published, Magnus and others 


have described the production of tonic reflexes in mammals in which 
both labyrinthine and cervical proprioceptive mechanisms are involved. 


The object of the present observations is to elucidate the relative 


parts played by the labyrinth and neck elements in the onset of 
postural apnoea. 
Intact ducks simply blindfolded. were generally used. Such animals 95 5 


readily pass into a condition closely resembling hypnosis. Decerebrated 
and delabyrinthinated ducke were also used. To throw completely the 
labyrinths out of action the greater part of each was removed by 


trephining and a plug saturated with 20 "lo cocaine was firmly inserted 


into the holes. 


I find that the two elements play very different parts in different 
ducks, In most the labyrinthine element is dominant, but in some the __ 
cervical element is of equal importance, and, in the majority, its action 


is distinctly manifest. This is indicated by the following observations: 
When the duck, slung to a board with the neck immobilized in 
extension, is rotated round a transverse axis, apnoea is produced in 
different ducks at different angles of the long axis of the head to the 
horizontal, but in nearly every case in all positions between one with 


the bill vertically down or one with the head horizontal and vertex 


down, But in some ducks this does not occur if the neck is flexed. 
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Thus, with the duck prone, apnoa may occur with the neck hyper- 
extended and the vertex downwards over the back, but not with the 
neck flexed so that the head is vertex-down under the chest. In the 
diving position, apnea is the rule. In the prone position of the body 
with the neck and head hanging vertically downwards as in the diving 
position, but with flexion at the cervico-dorsal joint, apnoea is less common. 
When the duck is placed on its side with the side of .the head directed 
down and the neck flexed, breathing goes on, but when the neck is 
extended, without altering the relations of the labyrinths to space, a 
shorter or longer apnoea frequently occurs. In two ducks in the prone — 
position extension of the neck upwards at an angle of about 45° 
led to a short apnea. After the labyrinth was thrown out of action by 
- cocaine this occurred in a larger number of ducks, as Dr Huxley had 
found it to occur in some cases after simple removal of the labyrinths, 

While, in the majority of ducks observed, the position of the head 
in space (the labyrinthine mechanism) is the main factor in determining 
the onset of apnoea, in a large number extension of the neck (the 
cervical proprioceptive mechanism) plays an important part and in 
some ducks it is as as 


| The carbohydrate metabolism in ducks, By 
communsoation.) 


(From the Physiological Laboratory the University of 


_ Contradictory results have been arrived at wann the carbo- 
hydrate metabolism in herbivorous birds. 

In this investigation (a) the quantity of sugar in the blood was 
estimated in (1) normal ducks (2) ducks after incomplete pancreatectomy, 
(3) ducks after complete pancreatectomy. The urine was also collected 
and examined for sugar, fecal contamination being avoided by means 
of the preliminary formation of an artificial anus which prevented the 
6— en The results were as follows: 

Blood Sugar 


12 normal ducks 
(2) 3 ducks with partial REE 994 / 
(9) 6 ducks with complete pancreatectomy 272% 


1 was never present in the ducks with partial puncreatec- 
tomy, and only in two - those from whom the — was 8 
removed. 
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§ PROCEEDINGS OF THE PHYSIOLOGICAL 
00 The effect of injection of adrenalin on the blood sugar. 


c.c, of adrenalin (Parke Da vis) were injected 
The blood was collected about 30 minutes after the ‘injection. The 


results were as follows: 


Blood sugar present the injection | 


Average 
4 normal ducks 240% 
2 ducks with partial panereatectomy 288 and 167 
Average of six experiments „„ 


Glycosuria was present in three cases. 


These results suggest that the carbohydrate e of ducks i is 


controlled by much the same mechanism as it is in mammals. 


(e) As it was thought that the investigation of the respiratory a 


exchange i in ducks with hyperglycemia might throw some light on the 
nature of this metabolic disturbance, a series of experiments using 
Haldane’s apparatus was carried out. Each experiment was of an hours 
duration. In a few cases two or three consecutive al nana lasting 
half an hour were performed. 


Aſter fasting 24 hours in 20 birds the RO. averaged 7 2. 
In six birds recently fed on maize the RQ. averaged 93. 


(i) The respiratory quotient after adrenalin 8 


The RO after fasting 24 hours was first estimated. 2.0. ee 
solution were then injected subcutaneously and the again estimated 


over a period of one hour. 


The average R. 105 expts.) before adrenalin. was 71. Aner 


“adrenalin 88. 


Since this work was started Falta we 3 have published a 


short paper in which they have shown that in man, after the injection 
of adrenalin, there is a rise in the R. and suggest that this is due to 
mobilisation of the carbohydrate. My results agree on the whole with 
theirs. The conclusion to be drawn seems to be that there is a difference 
between pancreatic and adrenalin hyperglycemia, for in the former 


the B.Q. remains low in spite of carbohydrate: intake, whereas in the 


latter there is a distinct rise. 


In certdin cases the RQ, was taken in half hour periods after the 


injection of adrenalin. The average R.Q. in the first half hour was ‘93 


and in the second 


1 


adrenalin passes off rapidly. 
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Tue effect of exercise on the dissociation curve of blood. 
(Preliminary communication.) 


In this and the following communications the blood will be 3 
_“ mesectic” when the balance of ions in it is such that the dissociation 
. curve of the individual is in its normal position, pleonectie when 
the curve is so shifted that at any given pressure of oxygen, the hemo- 

globin takes up more oxygen than under normal circumstances and 

- “metonectic” when it takes less than its usual quantity of oxygen. 

The curves in this communication are calculated from 0 — 


suggested by Hill? 


when y= ‘the percentage hwmoglobin with oxygen, 


4 = oxygen pressure in mm., K and u are constants for each curve. 
In human blood n remains 2°5, therefore practically K is the only 
variable. 

The immediate effect of exercise, if sufficiently severe, is to shift 
the curve in the direction of greater acidity ; this may take ane even 
though the carbonic acid tension is reduced. 2 

For instance, the constants of Roberts’ mesectic curve are n = 2:5, 
K = 00033, log K = 45785, his normal alveolar CO, pressure is mm. 
Some points on his curve would be as follows: 

Percentage saturation 94 22 87 31 62 85-5 95 

Pressure of oxygen 10 16 20 25 80 50 80 
After climbing 1000 feet from sea level in 20 minutes up Carlingford 
: mountain, his curve became meionectic, 

25, K =-0001806, 0s, 00,=35 mm, 
Pressureofoxygn 10 166 20 2% 30 80 % 
At slow rates of climbing, 1 1000 feet in 45 minutes, Barer 8 mone | 
remained mesectic. 


disposed to take more than one’s share, 
and Mr Harrison for this nomenclature. : 

3 This Journal, X. p. iv. 1910. 
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“Phe effect of altitude on the dissociation curve of blood. 


By J, Barcrort, M. Camis, G. C. Matuison, Fr. 
J. H. Rrrrrt. (Preliminary 


(1) Altitude up to 15,000 feet produces a „ in the 1 
acid pressure, remains mesectic in the 


subject. 
For instance, at the 3 5 on Monte Rosa, the day 
after arrival Roberts’ alveolar: carbonic acid pressure was 26 mm. 
The following points determined at these — _ on his mesectic 
curve (see previous paper). 
Percentage saturation 33 from carve 
Percentage saturation 34 78 e 
Oxygen pressure 1955 41 
_(2) A given degree of meionexy is produced by a lesser degree of 
activity at high altitudes. Thus at Col d’Olen, climbing 1000 feet, 


from an altitude of 9000 feet to 2 in 38 minutes, Roberts curve 


became as follows: 
n=25, K 000161, log K = 00,86 mm. 


The degree of meionexy. is almost identical with that produced at a 


- Carlingford when climbing the same height i in 20 minutes. 


(8) A greater degree of meionexy is produced by a given amount 


of exercise at high altitudes. Thus Bare roft, climbing from 9000 feet 


a to 10,000 feet in 45 minutes at Col d'Olen, moved the constants of his 
as follows : 


Mesecticcurve K 000202, log K 4064 
Meionectic curve 2n=2°5, K 000191, log K 1.2810, 
Corresponding points would be | 
Percentage saturation 9 20 84 #48 56 84 94 mesectic 
Percentage saturation 6 14 26 37 48 77 92 meionectic 

Oxygen pressure 10 15 20 25 30 50 80 


Climbing from sea level to 1000 feet at Carlingford also in 45 minutes 
no certain degree of meionexy could be ascertained. * e _ Bis 


were observed : 
CO, pressure 88 mm. 
Percentage saturation 58 calculated from mesectie curve 
- Percentage saturation 56 °/,—55 % e 
Oxygen pressure 30 mm. 


153. 1911. 
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On diet CO, =30 mm. 


hence 85 blood became pleoneotic. 
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The effect of carbohydrate-free diet on the dissociation 
curve of blood. By J. G. and L. Hiaarns. 
(Preliminary communication.) 


In five experiments the dissociation curve after three or Pee days 
on carbohydrate-free diet was compared with the mesectic curve of the 
same individual. In three of the five cases the curve remained mesectic 
though the carbonic acid tension fell considerably; for instance, 

Mesectic curve n=25, K ‘000301, log K = 4°4786, CO, = 38. 
Points on curve. 

Percentage saturation 


_ Oxygen pressure 15 


S 


80 69 from mesectic ourve 
78 89 observed | 
| 


828 


In two of the five cases the blood became pleonectic, the curve being 
shifted in the sense that the affinity for oxygen at a given oxygen 


pressure was increased. 


| For instance, Higgins’ curve on the third day of diet was as follows: 
n=25, K = 00055, log K=47404, CO,=31. 


Percentage saturation 13 32 30 68 78 90 98 
Oxygen pressure 10 15 20 2 30 50 80 


The difference which was observed between the two cases in which 


the blood became pleonectic and the three in which it remained mesectic 
was that in the former case the subjects of the research became 


“knocked up,” in the latter they remained well. In the — case 


cited the patient suffered from faintness. 


The effect of moist heat on the dissociation curve of blood. 
By J. Bancrorr, M. Camis, G. C. Maruison, Fr. Roperts, and J. H. 
RyFFEL. (Preliminary communication.) 


Whilst working at Pisa we found that the wet bulb in the 1 
rose from time to time above 70°F. On one of these occasions, T. = 76°F., - 
we found that the carbonic acid in the alveolar air fell below the usual — 
figure, as is known to be the case in factories, ete. under similar 
conditions; the other properties of the blood remained unchanged, . 
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For instance, Ryffel's normal blood has the following constants: 
K = 000868, log K=45399, CO, = 44-45 mm. 
At Pisa his alveolar air fell to 38-39 mm. His pleonectic curve had the 

following constants: | 
| m= 25, K = 000407, log K = 460964, CO,=38-39, 
The following are points on the two curves: | W 
_ Petoentage saturation with oxygen 10 24 40 68 64 96 95 mesetioourve =§ ]“ 
14 80 48 61 71 90 90 pleoncotic curve Pisa 
Oxygen pressure sate 10 15 20 25 80 50 80 
The generalisation to which the results of this and the foregoing sd 
researches point is that under circumstances in which the blood is a 
mesectic the subject feels in normal health, even though the blood may 
be abnormal, whilst when the blood is either pleonectic or meionectic = 
the subject feels out of his usual normal condition and betrays symptoms = ö . 
of the change which has taken place. 8 „ 
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